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Executive Sunimar,l

Chapter One.

«

10 SUMMARY

The performarnce of aviatisn maintenar.ceand inspection
personnel is directly related to the desigr of their tasks, the
training given to them, the tocls they work wirh, and the
natureof theirwork environment. Thegozl of theaviation
maintenance system is to ensure the continued safe and
cfficient operation of aircraft. Toward that goal the Fed-
eral Aviation Administration instituted the Human Fac-
tors in Aviation Maintenance Reséarch Team to focuson
a varicty of human factors aspects associated with the
aviation maintenance technician and other personnel
supporting the maintenance system gocls. -

The team was comprised of personnel from government,
private industry, and academia with strong expertise in
human factors. They were assisted by experienced 'ndus-
try maintenance personnel and certified airframe and
powerplanr technicians. The results of their efforss are
induded in five chapters, this first chapter being the
combined executive summiarics of the other four. Specifi-
ally:
Chapter 1 - Executive Summary
Chapter 2 - Study of the Maintenance Orpanization
Chapter 3 - Study of the Maintenance Technician in
Inspection
Chapter 4 - Study of Advanced Technology for Main-
tenancc Training

Chapter 5 -Study of Job Performance Aids

I addition, information dissemination was achieved
through the conduct of four conferences relating to the
material of the four chapters. The results of these are also
included i in this summary. .

Each of the chapters listed above, 2 through 5, have bccn
treated so as to be a “stand alone” or independent research
report. This chaprer, the Overall Executive Summary,
provides the rativnale for the overall program and high-
lights the methods, primary findings, and subsequendy
planned rescarch and development.

1.1  PROJECT RATIONALE |

"The work to date has identificd numerous aicas where
human factors reserch and developmene is likely to
improve cfficiency and effectivensss in the maintenance

system. Subscqucm rescarch, 1991 and beyond, \mﬂ

Executive Summary

'

develop demonstrations for impiementation and evalua-
tion within operational maintenance organizations.

"The aviation maintenance system is complex. It is influ-
enced byavanet) rof e:ttitics and factorsasshown in Figure
1.1. The system includes the aircraft manufacrurers who
design, build, and sell aircraft hardware, software, accesso-
ries, documentation, and avariety of supportservices. The
airlines, and other operators, purchase, operate and main-
tain theaircraft and also supplr equipmentand services to
other operators. Vendors supply aircraft components,
maintenance equipment, and support services. Repair
stations supply coutract maintenance services and other
support. Schools, private and public, offe. training scr-
vices.

Regularors, like the Federal Aviation Administration (FAA),
the Occupaticnal Safety and Heaith Administration
(OSHA), and others, provide the regulatory environment
in which the system operatrs. These independent entities
exist in an intcgrated environment that the Air Transport
Association {ATA) characterizes as a three-iegged stool
shown in Figure 1.2 The crossmembers between the legs
of the stool represent the on-going cooperation, commu-
nication, and dependency among the three legs.

A research and development program in aviation mainrz-
nance is driven by the following facts:

'

1. Public sentiment demands a continuing, af-
fordable, and safe air transportation system
following national concern over recent mainte-
nance-related incidents and accidents,

2. Maintenanceworkload is increasing ductn such
fatorsas: : : '

. % increased traffic
* increased maintenance requirements foreen-
tinuing airworthiness of older aircraft
o increased roquitements for new technical
_ knowledge and skills to maintain new tcch«
nology aircraft
3. Demographic projections prodxct a shertage of
qualified technicians.’

4. Competitive pressures demand that maine-
nance organizations increase cﬂicicncy and cf.

fectiveness while maintaining acontinuing high'
lcvcl of safcty
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Figure 1.2 The ATA Thres-Legged Stool

1.1.1 Public Demand for Continued Safe
Public Air Transportation

Safe and reliable air transportation is a reasonable public

demand. Commercial air transportation is, in fact, safe

and reliable with trends toward ever-decreasing incider:ts
per passenger mile flown (Office of Te - slogy Assezs-

ment (OTA), 1988). Nevertheless, the infrequent inci-
dents associated with air travel do influence public trust in
the air transportation system. The 1990 crash of the
United Airlines DC-10 in Sioux City, lowa, raised ques-
tions about airline maintenance practices. The Aloha
Airlines 737 accident showed that maintenance and main-
tenance training practices were the major cause of the




Cagfhen

explosive decompression and structural failure of major
skin components (NTSB, 1989). While these incidents
resulted in the loss of life, the overall safety and redun-
dancy of the aircraft combined with the training of the
crews prevented total catastrophe in both cascs.

Since maintenance practices were invelved in the ex-

amples above, as well as in other incidents, operators and

the goveriment are paying increased attention to the
human in the maintenance system. The Aviation Safety
Rescarch Act of 1988 (PL100-591) mandatea that re-
search attention be devoted to a varicty of human perfor-
mance issues including “aircraft maintenance and inspec-
tion.

1.1.2 Increased Maintenance Workload

. From 1980 to 1988 the estimated cost of airline mainte-

nance increased from $2.9 billion to $5.7 billion (GAO,
1990). The increase is attributable to numerous factors
including an increase in passenger miles flown, an increase
in number of a‘rcraft added to the flect, and increased
maintenance for continuing airworthiness on aging air-
craft. Table 1.1 shows the increascs in dollars spent on
maintenance, passenger miles, number of aircraft, and
number of maintenance technicians (GAO, 1990 and
ATA, 1989 Summary Data) from 1980 through 1988.
Figure 1.3 shows that the increase in the number of

aviation maintcnance technicians has the lowest percent- -

age increase of all the categories in thar eight-year period.
These data suggest that worklodd on the individual tech-
nician has increased. Therefore, research attention to the
human in the maintenance system is likely to have high
potential toincrease mairenance efficiency, effectiveness,
and safety. '

Executive Summary

1.1.3 Demograkics

The OTA, the U.S. Department of Labor, th. .uir Trans-
port Assaciation, the Future Aviation Professionals Asso-
ciation, the Aviation Technician Education Council, the
P-ofessional Aviation Maintenance Association, and nu-
merous other groups mainrain estimates regarding the
projected shortage of aviation maintenance techniciars
(AM'D) over the next ten years. There is unanimous
agreement that there will bea rieed for 160,000 - 120,000
AMTs by the year 2000. The number is based on the
current number of technicians combined with new posi-
tions related to new aircraft and increased attention to
continuing airworthiness of older aircraft. Using those
estimates and the estimates of the numbers of new A&DP
certificates, the shortage will range from 65,000 to as
many as 85,000 ncw AMTs needed by the year 2000.
Table 1.2 dcpicts the estimates.

Maost of the new AMT workforce will bedifferent that the
current AMT workforce, which is comprised of males *
over 30 years oid (69% in 1988 (Dept. of 1 abor)), with
nearly a third of this population having over 20 years
experience. As these experiericed technicians retire their
positions will be largely filled by inexperienced personnel.
The new work force will require greater training and job
support systems, both of which will be products of a
human factors research program.

1.1.4 Competition for Resources

With increasing passenger miles flown and increasing
numbers of flights per day there is considerable competi-
tion for resources, especially between operations and
maintenance. The operations departments need more
airplanes, for more routes, for longer periods each day.
Theincreased flight hours and emerging requirements for

1980 1988 % Increase
Maintainance Costs $2.9Bilion | $5.7 Bilion 96%
Passenger Miles 255 Billion |+ 433 éiuion 65%
Aircraftin U.S. Fleets 3,700 5,022 36%
Number of Mechanics, 45,000 55,000 2% |
e | N

Table 1.1 Peccentage Increase in U.S. Airlines 1980 - 1988

.
f
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. continuing airworthiness on aging aircraft require more
. maintenance. The finite resources include, as examples,
time, shop floor space for maintenance, equipment for
inspection and maintenance, and AMT personnel. The
- limirted resources are competing to match aircraft avaii-
ability with the transportation system demands. The
increasing fleet size, matched with the fact that by 1995
nearly 65% of the aircraft will be over 20 years old
(National Council on Vocarional Education, 1991), sug-
‘gest that there is a serious potential shortage of the
resources (human, equipment, and space) to inspect and
. repair aircraft (GAO, 1990). There is a need to increase
resources’ across the board. In addition, there will be a
. special need to help the technician work “smarter” and
generally increase the overall capability of the human, as
‘well as the system, to service the growmg numbers of
aircraft.

1.2 HUMAN FACT ORS DEFINED

1.2.1 What is Human Factors

Human factors studies the performance of the human as

anoperating elementwithin 2 goal-directed system. In the

design and use of a system, the human is viewed in the
. same manner as any system component. [fthesystem isto

function effectively and efficiently, the designer must

understand the operating characteristics of cach compo-

nent, including the human. Human Factors research
secks information on laws of human behavior, the caps-

. bilities and limits of humans, effects of environmental

factors, and rules for optimizing the use of humans in
present-day systems. The research team recognizes that it
is not always possible to trear the human as a predictable
element in a system. Human nature, work ethic, and a
variety of such innate behavioral variability threatens a
classical engineering treatment of the human in a system.

The broad goals ofhuman factors research requirea multi-

disciplinary effort drawing on information from speciali-

ties such as psychology, physiology, ecology, enginecring,
medicine, education, computer science, and others. Infor-
mation from thesesources is used todevelop procedures for
system design, for operational system use, and for ongoing

+ evaluations of system effectivenest. In all cases, primary

attention is given to the human operator.

1.2.2 Why Human Factors Research in Aviation
. Maintenance

'ﬂ'xc human in aviation maintenance can be conccptuaL
ized as a person-machine system, as shown in Figure 1.4,
Input and output varizbles can be dearly specified. The
process itsclf, as shown, is labor-intensive, with the Avia.
tion Maintenance Technician being, by far, the most
important system dement. In order to achicve the desired

system output, an undcrstandmg is required of the many,

factors (working environment, training, erc.) which affect

 the performance of technicians. Human factors examines .

all of these variables, their cffect on technician perfor-

Bl A
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Projected AMT Requirement through 2000

100.000 - 200,000

AMTs Employed in 1988
Estimated New Positions
Estimated Attrition Through 2000

Estimated Training Cdmpletions

55,000
45,000 - 65,000
45,000

25,000

Projected Shortage of AMTs By 2000

65,000 - 85,000

Table 1.2

Avaition Maintenance Manpower Requirements Through the Year 2000
' (Dept of Labor (1990), ATA (1990))

t . .
mance, and the resulting quality of system output. Using
thisinformation, amaintenancesystem can bedesigned to
minimize system error and to ensurc that aircraft are

available as needed and are fully safe for flight.

Human factors can have significant effect on the perfor-
mance of the total aviation maintenance system. Human
factors can'affect hardware design and manufacture; the
design and implementation of maintenance tools and

procedures; and theselection, training and overall support

of the human as a critical component of the aviation
maintenance system. :

Human factors provides approaches to make efficient use
of human resources, while at the same time maintaining
margins of safety. Importantly, while only two to three
percent of accidents are attributed to pilot error, Weiger

. and Rosman (1989) have data which indicares that about

40% of all wide-body aircraft accidents atrributed to
human error begin with an aircraft malfuncrion. Reduc-

Maintenance
Togis ‘a'nd‘
Processes:

LA

;iﬁata‘ Sbt‘pr’cese:

5.
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Chapter One

ing aircraft malfunction is a primary goal of maintenance
programs and the humans who carry out those programs.

13  STUDY OF THE MAINTENANCE
: ORGANIZATION (CHAPTER 2)

This research was a study of maintenance organizations
from an organizational psychology and systems engincer-
mg perspealve The intent was to ldcnnfy how commu-
nication is accomplished within a maintenance organiza-

tion. The rescarch also focused on how maintcnance .

organizations set and accomplished technical goals.

A rapid but systematic assessment of aviation mainte-
nance technician interaction in eight U.S. companics was
undertaken in early 1990. Over 200 AMT, their fore-
men, and muintenance managers were interviewed and
observed during two to four day visits of heavy mainte-
nance checks of aging aircraft. The data from these visits
were coded and dlassified using socio-technical systems
(STS) concepts to identify organizational purpose, values,
environment, product, and patterns of communication
(Taylor, 1989). STS principles (Cherns, 1987) were then
used to help assess the compatibility among those various
components.

1.3.1 Awareness of Maintenance Goals

The survey suggested that individual AMTs did not
always have a complete understanding of the company
purpose regarding the role of maintenance. The mainte-
nance personnel need to be able to individually describe
their role in concert with the company purpose.

1.3.2 Competence of the Worlkforce

+ 'The survey, albeit not all encompassing, indicated 2
shortage of experienced AMTs. Several factors are respon-
sible for this situztion. In thelate 1960’s, the maintenance
force compnscd of AMTs with experiences gained
during miliary service, supported by skilled general fore-
men, s¢heduling; cadre, and instructors to broaden the

"AMT knowledge as newer aircraft such as the Douglas

DC-9 and Bocing 727 joined the cstablished fleet of-

Bocing[707's and Douglas DC-8’s. The ol crisis of 1972-
" 73, increased fuel costs resulting in increased fares. In-
creased |fares caused a reduction in load factors, causing
airlines to lay off newer mechanics. Unfortunately, as the
- crisis eased, these mechanics were not rehired, to a large
degree. (The slow economic times of 1979-83, coupled
with de cgul;mon generatad a cost-conscious industry, a
sign of which is reduced inventories of aircraft parts and
leanes sfaffing.

Finally fin 1988 through the present the “new” flect of
1970 aircraft arc now thc aging aircraft, exhibiting the
need far increased inspection and repair. ‘The AMT

workforce however, with the experienced AM Ts retiring,
being promoted and transferring, currently exhibits a
bimodal distribution with the AMTs cither being very
experienced, or having litde (3 years or fewer) experience.

With the aging fleet problems involving extensive sheet
metal repair, the nower AMTs are working to develop
skills and experience to complete repairs which are com-
p:mblcwnth commercial rransport damage tolerance prac-
tices. This learning process can result in delayand ofzen in
re-repair, a situation that is not acccptablc to the time
prassure type of maintenance operation.

1.3.3 Teamwork

The survey clearly indicated that above-averuge coordina-
tion, cooperation, and communication produced less
frustration and improved work performance. Wherecom-
munication was not a high priority, high turnover, low
morale, and concerns about the high maintenance work-
load resulted. Contributing to this problem was the
complexity of f coordination among maintenance, plan-
ning, stores and shops.

1.3.4 Commitment

‘The overwhelming majority of AM'T's contacied during
the survey expressad enjoyment in maintenance and
mechanical repair. A strong desire to see the “biy picture”
was exhibited throughout the mechanic, inspector, plan-
ner and managerial workforce. Regarding intent to re-
main in the maintenance operation, the planning force

was the group considered mast likely to move on to other

arcas.

1.3.5 Phase Il Plan

In the second phase the rescarchers will develop a docu-
ment that will be a guideline for effective communication .

within maintenance organizations. Thedocument will he
designed with, and written for, all levels of maintenance
management. Thedocument will address issues related to
maintenance management style, the structure of the
maintenance organization, job design for application of

+ new technology, defining purpase and goals within a

maintenance organization, and other topics related to the
pursuit of excellence within maintenance organizations.
"This written guideline will be available to the industry ar

- the completion of Phase I, in late 1952,

1.4  STUDYOF THE MAINTENANCE
TECHNICIAN IN INSPECTION
(CHAPTER 3)

‘The Federal Aviation Administration policy regarding

aircraft structural design is that of damage tolerance. This

, approach accepts that cracks and corrosion in metal
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aircrafi do, by definition, exist through the life of the
-aircraft. The inspection interval applied to the damage
tolerant design is that which will dtect the defect before
it presents a hazard to safe flight. The inspection interval
is maintained by humans doing the job manually or with
some form of inspection device. In either case, humans
and machines are fallible. Ways are needed to make the
system components less error-prone, and the system itself
more error tolerant. ‘

The approach in this chapter is to determine typical

human/system mismatches to guide both future rescarch
and short-term human factors implementation by system
participants. Also, by providing a human factors analysis
' of aircraft inspection, itis inténded to make human factors
techniques more widcly available to maintenance organi-
zations, and to makeaircraft maintenance more acccssxblc
to human factors practitioners.

'

Error-prone human/system mismatches occur where task
demands exceed human capabilities. The necessary com-
parisons are made through a procedure of task description
and task analysis. Task description enumerates the neces-
sary task steps ar a level of detail suitable for subsequent
analysis. Task analysis uses data and models of human
performance to evaluate the demands from each task step
against the capabilities of each human subsystem required

for completion of that step. Examples of subs-stems arc
sensing (e.g. vision, kinesthesis), information >-ocessing
(c.g. perception, memory, cognition), and output {c.g.
motor control, force production, posture maintenance).

Table 1.3showsaseven-task generic task description with

examples from cach of the two main types of inspections:
Visual Inspection (V1) and Non-Destructive Inspection
(NDD.

Given a generic task description, the next requirement is
to bring human performance models to bear on the tasks,
and hence form a task analysis. Two ways were found to
perform this. First, the critical human subsystems were
checked at each task step. Second, observations of likely
errors, human factors improvements, and error-related
issues were made from observations taken. Theseled to a
composite task description/task analysis form as an in-
project working document. |

"To document the human and system error potential, the
approach taken was to have the analysts visit several

‘maintenance/inspection sites and work with i inspectors to

complete task descriptions of representative tasks. Inspec-

tors were obscrved, questioned, photographed and inter--

viewed, often'on night shifts and under typical working

conditions. (The degree of cooperation, enthusiasm and

TASK DESCRIPTION  VISUALEXAMPLE

NDI EXAMPLE

3. Search Move cyes across area systematically.

Stop if any indication,

1. Initiate . Get workcard, read and understand arca Get workcard and eddy current
10 be covered. equipment, calibrate.
2. Access Locate area on aircraft, get into correct Locate zrea on aircraft, position self
' position. ‘and equipment.
Move probe over cach rivet head.

Stop if any indication.

4. Decision Making

Examing indication against remembered
standards, e.g. for dishing or corrosion,

Re-probe while closcly watching
cddy current trace.

| . Respond Mark defect, write up repair shest of if Mark defect, write up rcpdir sheet,
' fio defect, return to scarch. ot if no defect, retumn to scarch,
| 6. Repair Drill out and replace riset. Drill out rivet, NDT on rivet hole,

driil out for oversive rivet.

7. Buyback Inspect

Visually inspect marked area.

Visually inspect marked arca.

Table 1.3. Generic Task Description of Incoming Inspection

‘with Examples from Visual and NDi Inspection
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professionalism of all of our“subjects” was remarkable,
and reassuring to the traveling public.)

1.4.1 Stimmary Findings

There are many places where Human Factors interven-
tions can be effective. This Chapter describes experience
in applying Human Factors to inspection tasks in manu-
facturing industry. In summary these include:

. * Changing the system to fi: the operator:

1. Improving visual aspects - lighting, contrast,
target enhancement, optical aids, fulse colors
on video.

2. Improving search strategy - briefing/feed foi-
ward, aids to encourage systematic search.

3. Enhancing fault discriminability - standards
at the workplace, rapid feedback.

4. Mainuiningcorrect criterion - recognition of
pressures on inspection decisions, organiza-
tion suppoit system, feedback.

5. Redesigning the aircraft and its systems to

improve access, search and decision, i.e. De-
sign for Inspectability (Drury, 1990).

* Changing the operator to fit the system:
1. Selection/placement - visual function. per-
ceptual style (Drury and Wang, 1986).
2. Training/retraining - cuing, progressive part
training schemes, controlled feedback
(Drury and Gramopadhye, 1990).

" Wh.en applied specifically toaircraft inspection, Table 1.4

showsasummary of the potentially-useful strategies. They
range from the simple (such as improved flashlights and
mirrors for visual inspection and safe, easily-adjustable
work stands) to the complex and costly {such as pattern
recognition-based job aids, restructuring of the organiza-
tion (o provide feedforward and feedback).

The FAA recognizes that communications and training
need immediate attention. The aviation maintenance
information environment (Drury, 1990) complicates
communication between inspectors and their co-workers
(e.g. feedforward information), between inspeciors at
shift change, and between inspectors who find a problem
and those who must reinspect and approve (“buy-back”)
that repair. Training is largely on-the-job, which may not

- be the most effective or efficient method of instruction. In

subsequent years, the National Aging Aircraft Research

Action .Training Writing Skitls

STRATEGY
Changing Inspector Changing System
e Training in NDI Calibration Redesign of Job Cards
Initiate (Procedures Training) Calibration of NDI Equipment
Feedfoward of Ecpected Flaws
Access Training in Area Location Better Su.;port Stands
' (Knowledge and Recognition Training) - Better Area Location System
Location for NDt Equipment
Training in Visual Search 'Task Lighting
Search (cueing, progressive-part) Optical Aids
Improved NDI Templates
. ~ecison Training(cueing -~ Standards at the Work Point
Decison Feedback; Understanding Pattern Recognition Job Aids-
' of Standards - Improved Feedback to Inspection
tmprdved Fault Marking

Hands-free Fault Recording

 Table1.4 | ~
Potential Strategies for Improving Aircraft Inspection

AN
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Program (NAARP) and, hopefully, the maintenar.c/
inspection providers need to pursue both short-term
interventions based on solutions proven effectivein manu-
facturing, and longer-term research to give definitive,
implementable solutions.

1.4.2 Phase II Plan

Phase II of this research task will pursue the overall
program goal to create demonstrations of teckniques to
improve human factors in aviation maintenance. Thefirst

‘subtaskwill identify, implement, and measure the effectof

specificlighting improvements used in an inspection task.
This research task will assess the lighting change with
respect to potential elimination of error and with respect
to cost effectiveness.

A second task under this rescarch topic will address
methods to reduce error in the calibration and operation
of a variety of non-destructive inspection test equipment.
This rescarch will study the human factors aspects of NDI
equipment design and various aspects of training and
retraining of NDI personnel. Finally, this subtask will
continue to identify human factors issues that should be
addressed in the continuing cffort to improve human
performance in inspection.

1.5 STUDY OF ADVANCED
TECHNOLOGY FOR
MAINTENANCE TRAINING
(CHAPTER 4)

Advanced technology training refers to the combination
of anificial intelligence technology with conventional
computcr-based instructional methods (Johnson, 1990).

This chapter reports the status of a project to support the
application of advanced technology systems for aircraft
maintenance training. The first phasc of the rerearch was
to survey the current use of such technology in aidins,
manufacturers and approved aviation maintenance tech-
nician schoois. The sccond phase of the research is build-
ing a prototype intdlligent tuzoring system for aircraft
maintenance traiting. The chaprer defines intelligent
tutoring system technology and presents thespecifications

- for the prototype. The chapter aiso describes example

constraints to the rapid design, devlopment and imple-

~ mentation of advanced technology for maintenancetrain-

ing.
"The human is an important component in the commer-

_ cial aviation system that provides safe and affordable

public :unmnspo‘unon Much attention to the “Human
Factor” in the aviation industry has focused on xhccockpl(
crew. However, the FAA and the airlines recognize that
aircraft maintenance technicians (AM'T's) arc equal pan-

ners with pilots to insure reliable safe dispatch. The job of
the AMT is becoming increasingly difficultas discussed in
Section 1.1.2. This is a result of the fact that there are
increasing maintenance tasks to support continuing air-
worthiness of the aging aircraft fleet while, at thz ame
time,. new technology aircraft are presenting complex
digit.l systems thar must be understood and maintained.
Shect metal and mechanical instruments have given way
to composite materials and glass cockpits. These new
technologies have placed an increased training burden on
the mechanic and the airline training organizations. The
advanced technology training rescarch, reported here, is
exploring alternatives for the effective and efficient deliv-
ery of a variety of aircraft maintenance training,

1.5.1 Summary Findings

The industry survey showed that there are many applica-
tions of traditional computer-based training being used
for maintenance training. However, there are very few
applications of artificial intelligence technelogy ro main-
tenance training. Nearly all aifine personnel indicared
that current computer-based training was notsufficient to
mect all of the demands associated with maintenance
training. The survey also suggested that managers of
maintenance training are becoming increasingly articu-
late about specifying their requirements for computer

software and hardware. Numerous industry committecs
are creating standards that will increase compatibility
across the maintenarnce training industry. .

The FAA is in the procsss of modifying the regulation
affecting the AMT schools. Part 147 of the Federal
Aviation Regulations now recognizes that computer-
bascd training systems are, in selected cascs, as valuable for
trainingas theuse of real equipment. This change in policy
is likely to create an increased marketplace for develop-
ment of advanced technology training systems.

During Phase I a prototype training system was built for
an aircraft environmental control system. Development
of the environmental control system training prototype
demonstrated that rapid protoryping is a very cffective -
means to involve system users in the earlicst stage of the
system design. The software tools for rapid prototyping
-make it relatively easy to create reasonable cxamplc's ofthe
final system interface. However, this prototyping cffort
reinforced the researchers’ opinion that the “easy to usc”,
tools are good for rapid prototyping but have limited

“potential with respect to building the completed training

system., Subscqucnt development must be accompiished
with programming lan{,mgcs ra(hcnhan interface devdl-
opment tools.

D)
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1.5.2 Phase 11 Plan

During Phase II the environment control system training
prototypewill bewritten ina programming language. The
simulation, specified in Phase I, will be written. The
knowledge engineering process and formative evaluation
will continue with the technical personnel. The prototype
will be converted to a fully operational tun-key training
system. The training system will be the key fc<us for the
extensive evaluations planned for Phase 111.

1.6  STUDY OF JOB PERFORMANCE
 AIDS (CHAPTER5)

This research was designed to provide information for
government and industry managers in their efforts to
assess the utility and 1mplcmcntanon of job-aiding tech-
nology Thereweretwo areas in this research task - aviation
maintenance assessment and technology assessment.

The first research area sought a user’s perspective on job
performance aids (JPAs). Current approaches to comput-
erization and job aiding in aircraft maintenance were
investigated. A survey was conducted to determine the
relative level of automation at 25 airlines. Systems were
observed during various phases of development and work

. force reactions were determined. The needs of the main-

tenance technician were assessed and an overall under-
standing of the maintenance process was obtained.

The second area focused on technologics. A survey was
conducted to determine the capability of existing JPA
systems. The statc-of-the-art in computers and in related
technologies was assessed. Current approaches to systera
integration were identified.

The research documented the challenges facing aviation
‘maintenance and the current approaches to utilize tech-

- nology in meeting those challenges. This informarion was

obtained from four sources:

* Airlines - managers, dara processing specialists,
AMTs : :

* Industry rcprw:ntativcs - groups such as the
ATA

* FAA - maintenance managers and inspectors
Manufacturers - customer support. designers

Access to these individuals was obtained through partici-
pation in numerous industry forums and site visits. The
site visits lasted from two hours to one week. Information

. was collected through informal interviews and observa-

tion. The researchers participated on a non-interference
basis in the normal conduct of aircraft mainter. -nce. All
shifts of operation were observed.

Information was collected threugh surveys, expert assess-
ment, and literature rescarch. A survey of existing jPA
systems was conducted. The focus of the JPA survey was
on computer and microproassor-based systeris used for
information delivery, processing, or storage. In addition,
applicable technologics not yet incorporated in systems
were identified in anticipatior of future systems. The goal
of the survey was not to find the system . thar would

“revolutionize” aviation maintenance, but to assess the
overall extent and characteristics of what has been done
and what is possible in terms of job aiding. The informa-
tion was collected through exrensive database scarches,
telephone discussions, and site visits. Several “new”
technologies were investigated in computer displays, mi-
croprocessors, sterage, and inputfoutput devices: Finaliy,
wo small experiments were conducted to “assess the
realities of developing databases and graphical user inter-
faces (GUI) for job performance aids.

1.6.1 Summary Findings
The findings are divided into three arcas:

* Maintenance automation
* Technology asscssment
¢ Systems integration

The arcas represent wat exists, what is possible, and how
10 transition between the two. The findings on mainte-
nance automation systems describe the status of mainte-
‘nance automation, kow they are designed, justified, les-
sons learned, and trends for the future. The technology
assessment findings provide = - ' ¢ assessmient of the
utility of technologies in ter 2 +* i -, function, availabil-
ity, and complexity. The foc. . 2 ¢he system- integration
findings is information on how to intcgrate humans into
the various systems.

1.6.1.1 Maintenance Automation

The process of ficlding maintenance automation has
 largely been one of computerization. The statistics main-
uined on aircraft have grown exponentially. The basic
structure used for the paper methods has been transferrod
intact to the computer approaches. This was necessary to
case transition and avoid exterisive retraining chat might
be needed with 1 new approach. Most maintenance
opcrations now use computers to track parts and aircraft -
status, and many organizations acc moving computers
into forecasting and other decision aiding functions.
Efforts to computerize have reached a platc.m and only
the most profitable aidines have data processing people
actively developing major new: systems for maintenance.

10 o




1.6.1.2 Technology Assessment

The survey of JPAs identified over 150 job performance
aids developed during the last ten years. More than half of
the developments were sponsored by the Department of
Defense (DoD). Fewer than twenty systems are still in
active use or development, and another twenty were
searching for a sponsoring application. The remaining
were shelved for reasons that usually involved lack of

funding.

There are several successful JPAs, and the survey findings
do not imply that JPA development is unfeasible. The
survey did support the need for a more realisticassessmenr
ofhowsoon JPA technologycm beapphed tocommercial
aviation maintenance.

1.6.1.3 Systems Integration

Based on technical functionality, most of the computer-
ization efforts for aircraft maintenance and JPA develop-
ment efforts by the DoD were successful. Unfortunately,
technical functionality is not good enough. Humans
remain th= engine for most complex systems. Even auto-
matic test equipment (ATE) is dependent on humans for
planning, design, manufacturer, installation, and mainte-
nance. Approaches exist thar incorporate Human Factors

and these should be considered.
1.6.2 Phase II Plan

The next phase of the research on job aiding will identify
a candidate technical domain in which s computer-based
intelligent job aid can have potential to increase mainte-
nance c¢ffectiveness and efhiciency. During Phase Two the

rescarch team will work with an zirine to identify a.

candidate domain and construct a system prototype.
Current plansareaimed atusing 2 portable, expert system-
based job aid that has been developed in a non-aviation
industry. The next phase of the research will focus moreon
the specification and development planning than on
completion of the job aid for an operational aviation

maintenance environment. Scwell and Johnson (1990)

have described how prototype systems can be used for
system design and development. The intelligent job aid
prot will be used for concrete systems spoaf cation
for Phase 11l development.

17  HUMAN FACTORS IN AVIATION
MAINTENANCE - THE
CONFERENCES

The combination of factors described in Semon 1.2
highlights the importance of communication amony all
entitics involvad i the aviation maintenance system.,

Broderick (1990) suggested that industry communica- '

tion “tics the ma:mcnanccnpcmnon together and, infact,

Executive Summary

is the thread that runs through aviation safety from any
pointof view....” This project was adirect intervention to
present Human Factorsinformation to theaviation main-
tenance community, and to provide a forum for direct
interchange cf relevant information between system par-

ticipants. This sub-project organized a series of Human -

Factors seminars for personnel associated with aviation -
maintenance.

As noted in Section 1.1, the air carrier industry in the
United States can be viewed as a three-legged stool

consisting of the aircraft manufa:turer, the airline opera-

tor, and the regulatory agencies, principally the Federal

Aviation Administration. For carrier maintenance towork
as it should, communications among these three elements
must be efficient and meaningful. The cross braces in the
stool represent the communication.

The FAAand industry have noted a need todevelopsome

- other mechanisms tofoster ready communicationsamong

airline operators, aircraft manufacturers, and the FAA.

- This should exist in some form thatwould allow members

within each of these three groups to understand the
current thinking of members of the other two groups. A
free exchange of information should be allowed concern-
ing maintenancetechnolcgies, proceduses, and problems

The Federal Aviation Administration, on reviewing the
success of the 1988 meeting, established 2 series of meet-
ings to address “Human Factors in Aircraft Maintenance
and Inspection.” The purpose was to foster communica-

tions among a!l segments of the aviation maintenance

communiy. To date, four meetings have been held.
While the first meeting in 1988 explored the full range of
maintenanceproblems, cach subsequent meeting focused
on a specific Human Factors issucs in order to obtain
greater depth of coverage.

The four mectings in this series held thus far are:

 Human Factors Issues in Aircraft Maintenance and

Inspection :
Alexandria, Virginia, October 1988.

Presentations, were made conccmmg mamtcmna
issucs and human factors ramifications by represen-
tatives of aircraft manufacturers, airline operators,

the FAA, technical training, schools, and others.

‘Three presentations described the discinline of hu- -«

manfactorsand its potentialcontribution to wiation
muintesance. :

Human Faitors Issues in /Iiira'aﬁ Maintenance and
Inspection - Information Exchange and Communica-
tions '

Alexandria, Virginia December 1989~~~
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This meeting focused on problems in the exchange
of maintenance information and possible improve-
ments in information management and industry
communications. Considerable attention was given
to new technologies which might support industry
communications.

Human Factors Issues in Axrmdi Mamtemmu and

Inspection - Training Issues
Adantic City, New Jersey, June 1990.

The purpose of this meeting was to review the status
of maint aance training for the air carrier industry,
toconsider problems facing those responsible for this
training, and to learm of rew training technologies
under development. Some of the presentations illus-
irated new technologies now being brought into use
in aviation maintenance.

Human Factors Issues in Aircraft Maintenance and
Inspecrion - The Aviation Maintenance Techmician
Alexandria, Virginia, December 1990.

The meeting dealt with the aviation maintenance
workforce. Presentations dealt with acquiring, train-
ing, and maintaining an effective workforce. The
likely impact of changing national work force demo-
* graphics was explored. The impact of organizational
factors on aviation maintenance was reviewed.

Artendees at €ach of these meetings have commented on
the value of the meetings as a communications medium
for the air carrier maintenance communiy.

1.7.1 Phase Il Plan

There will be two workshops conducted during Phase I1.
The first, scheduled for June 1991 in Adanta, Georgia,

will address Human Factors in the aviation work environ- -

ment. The second meeting will be in Washington, DC, -

_during January of 1992.
18 ADDITIONAL RF.SEARCH
ACTIVITIES

The research program is commitred to be responsive to
Human Factors issues related to proposed rule changes,
new policies, Airworthiness Directives and/or Service

Difficulty reports.
1.8.1 Electronic Document

Oneof the projects sche:duled for Phase I is the dcvclop-

" ment of an clectronic database of all pubhcanons and

presentations from Phase ! of the program. The clectronic
document will capitalize on hypeniext software technol-
ogy. This research wiill go beyond the mere digitization of
documents. H1c project will© cmphaslu a document

formar and electronic inteface that will provide greater
capability than is available with hard-copy documenta-
tion. The project will create specifications for the elec-
tronic publishing of all past and new project-related
documents. At the completion of the project the docu-
merztation will be availableon one compact disc read only
memory (CD'ROM) disc.

1.8.2 Handbook on Aviation Maintenance
Human Factors .

During Fhase Il the research team will oudine and

prototype a handbook on aviatien maintenance human

factors. The handbook will offer basic and applied prin-

ciples covering all iscues ofhuman performanceinaviation

maintenance. The handbook will be uzeful to all who are

responsit - “r planning, managing, and conducting
mainter " willinclude, as an example, the following
kinds of . ;- s: workplace requirements, workplace envi-

ronment,- human capabilities, workplace design prin-

. ciples, training design and practices, and other topics. The

handbook will follow formatsused in other such compen-

" dia (Boff and Lincoln, 1988; Parker and West, 1973).

1.8.3 The National Plan for Aviati
Factors

viation Human

The Federal Aviation Administration, in conjunction
with the National Aeronautics and Space Administration
(NASA) and the US Department of Defense, conducted
an extensive series of workshops, during 1990, ta createa
National Plan for Human Factors. One of the subgroups
of the Scientific Task Planning Group was dedicated to

Human Factors in aircraft maintenance.
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Chapter Two
Maintenance Organization

20. . SUMMARY

This study recognizes the consiierable strengths of the
airlin= industry’s maintenance flight safety efforts. It offers
suggestions for additional research, and it describes some
possible areas for further improvement. It represents a com-
bined picture of maintenance management and organiza-
tional behavior in eight U.S. maintenance operations
including small and large aircarriers and repair stations. -

"The sample used for this study was necessarily limited. The
findings, therefore, must be understood as indicative only,
and not conclusive.

Thestudy was undertaken for the purpuse of benchmarking:
to estimaté the effect current organization and management
practice may be having on the work practices of mecharics,
inspectors, and schedulers, and ‘on their artitudes and mo-
rale, and how those, in tum, may affect safety and work
quality. These factors do, in fact, show a close relationship

. one to the other.

While there was found considerable variation among these
factors from one carrier to another, none was scen to have
reached the point of compromising air-safety., This is an
important finding fer the industry, affirming its long-stand-
ing commitment to safe air travel.

‘Throughout the course of the study the people observed
were seen as serious about their work, dedicated, well-
meaning, and bright. Everywhere in the industry, employees
clearly showed their desire to do their very best for air safxy.
Their commitment is reflected in their excellent perfor-

mance record.

At several sites, employee morale and coordination of the

work were found to be below the optimum. Based on the
results of this srudy, the timely and aareful adjustment >f
certain practices, structures, and norms might be an carly

. prudent step to positively affect safety in the future.

For those who sce in these findings confirmation of their
own carcful observations ‘and conclusions, action may be
taken with a fairy high degree of conlidence. For others, only
a more-broadly based, more thorough-going research ctfort
or direct evidence of successful management changes and

. intervention will bcconvincing.

‘The present study sets the sugc and Suggests avenucs for

~ additional rescarch and action. ; .

21  INTRODUCTION

. The excellent safety record of U.S. airlines is well established.

A General Accounting Office (GAO) report states that
“accident rate data . . . have improved over the last 20 years
and that U.S. airlines havealower accident rate than airlines

in the rest of the world” (GAO, 1988).

Measuring the effects of maintenance cn safety. M=asurcs
of safety other than accident ratss have been applied with
mixed results. Financial datz may prove useful, but current
reporting procedures for maintenance costs present difficul-
ties in compa-ing companies within the industry. Airlines
differ in their labor costs and accounting practices, and in the
age of their fleets. Such diffezences make comparisons sus-
pect. Because the Department of Transportation (DOT)
does not require smaller airlines to report maintenance costs,
these companies cannot be compared on this basis ar all.
New measures of current safety conditions would be useful.

Measuring and comparing aitline maintenance quality is
obviously important. The present major method of deter-
mining maintenance quality is to assess the degree of adher-
ence to (or deviation from) the Federal Aviation
Administration- (FAA) regulated maintenance programs.
This approach does not measure the outcome of mainte-
nance efforts, but instead relies on' che assumption that if
programs are followed quality will result —in shom, it isa
measure of practice. not outcome.

Current interest in programs to measure and improve prod-
uct quality (e.g. the Department of Defense (DOD) empha-
sis on “Total Quality Management”) is beginning to be
reported in the aidine .industry, (Dell, 1990), but such

. programs are apparently notwidcly applicd yet. Comparable

‘ineasures of maintenance quality, then, aresstill in the future.

- Measurement of maintenance related problems would pro-

vide a viable avenue to assess quality, but the available .

mcchanical-reliability and unisafe-incidents data bases are
designed to track short-term, not longer-term, trends (OTA,
1948). Thus, the currenty available measures of mainte-
nance on safety do not satisfy the need for measures except
for historical accidcnt data.

Mmunng and comparing human &ctors. Despite recent
conclusions that human factors in maintenance (and man-
agement practices spccmcdly) can influcnce the ;udgcmcnt.
attitudes and skill of aviation maintenance personnel (OT A,
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1988) little research or action in this area has been reported.
As will be described in further detail in the section on prior
research, there is very lirtle published about human factors in
aircraft maintenance at either the individual worker or
organizational levels.

This'study is an initial effort to estimare ¢ importance of
organizational and management aspects of maintenance on
morele and rmotivation, commurication parterns, work-
related behaviors, and quality of work for aircraft mainte-
nance personnd (AMP). The results of this preliminary
study suggest that links exist berween organization, commu-
nication, attitudes and quality of work. Much more difficult
to establish, but important to assess, is alink between quality
of work and flight safety, That link was not intended 1o be
validated within the scope of the present study.

2.1.1  Problem Nefi=ition — The
Environment {or Aircraft Maintenance

Deregulation as a force increasing complexity for mainte-
nance. During the initial years following airline deregulation
(1979-1984), U.S. carriers’ data reported to DOT indicated
thar a lower percentage of operating funds was spent on
maintenance than had been the case in prior years (OTA,
1988). GAO noted recently that by 1988 the reported
amount spent to maintain and repair aircraft was almost
double the 1984 levels, and that current U.S. repair ability is

opcratmg at near full capacity (GAO, 1990). Such swings in

maintenance expenditures, by themselves, place pressures on
maintenance and ins
the GAO (1988) listed the following, among others, as “risk

precursors” (their signs of problematic safety compliance) in

U.S. air carriers: major route expansion, fleet expansion (due
in part to mergers and acquisitions), industrial relations
conflict (which can accompany mergers), and strained fi-
nances (complicated by intense competition and unstable
fuel prices). Few U.S. carriers can claim the abscncc of these
signs. .

The additional problem of aging aircraft. Recent aging
aircraft airworthiness dicectives (ADs) havebeensaid tobean
important stimulant to increasing short-term demand foc
airlines’ need for maintenance (GAO, 1990). In the past
decade the mean age of jetliners has risen 21% to about 13
years. With high altitude pressurized aircraft the number of
flight cydes (one cycle includes a take-off and landing) is as
important to age as years. Depending upon the specific
model, aging aircraft are uefined as those with more than
40,000 cycles. The GAO report notes that the cost of
+ compliance with aging aircraf. ADs may total $2 billion to
- sustain and extend the life of this aging flect.

Inspectors and mechanics riced to identify and deal with

fatigue cracks in these old aircraft (especially mynad small

cracks adjacent to oneanother, called “multi-site damage, or
MSD") and corrosion in fusclage areas. This attention
requires new information, skills, and time in addition to the
normal work load. Demand for both airplanes and mainte-
nance personnel continues to go up.

Organizational communication as it refates to mainte-
nance. Attention to the human factor in maintenance is
growing, and that human factor in aircraft maintenance is
more than an individual who follows orders. In maintenance
work, the human has often been characterized as “the tech-
nical system” — and this is notinappropriate. In this role, an
inspector or mechanic (“inspecting”) searches for flaws/
defecis and decides when they have been found. After

 searching and locating it, the flaw is repaired in a planned

ion personnsl. In another report,

quence. This search-decide-plan-repair sequence is the
. : pran-repair :
human factor as technical system” in maintenance systems
of many industries.

With the importance and logic of this technical system view,
a oomplcmcntary view, that of the “human-factor-as-social-
system” risks being ignored unless a conscious effort is made
to indude it. In thissocial systems view, the web of telation-
ships among all the partics involved comes into focus in
setting and strengthening expectations among them.

The social system is thus a set of expectations (sometimes
positive and constructive, and sometimes conflictual and
destructive) with others in the workplace, elscwhere in the
organization, and with outsiders.

Management by design. Often managers (still) feel capable
of making signiﬁant organizational decisions based on
intuition and experience. But the tasks of organizing aircraft

“maintenance today have become extremely complex.

Among the orgammnona.l forms that have been used suc-
cessfully in the past is assigning not only i inspection and
maintenance (o separate departments, but separating mate-
rials, tools, shop repair of components, planning and sched-
uling from maintenance as well. Organizing into “functional
silos™ this way, strictly by appliation domain or function,
may well affect maintenance system’s ability to assure safery
of flight through efficient, coordinated, motivated and i in-

formed action. by people doing the work. '

. Aparlld org:mimtional form ‘oftcn found in aviation main-

tenance ignores functional differences altogether [except
where required by Federal Aviation Regulations (FARs)] and
relies on the “master craftsman’s”™ technical skill and compc—'
tence to determine and carry out the work. In today’s
complex maintenance environment, the functional silos, or
master craftsman structures, that have proven adequate in

the past may be breaking down in the present.
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The safety record of the aircraft maintenance organization
has been admurable. But it may be possible to achieve even
higher performance, with higher morale and more efficient
work coordination. To do so, however, would require more
than minor improvements on the current system, which
scems to already work about as it was designed to. Instead,
the maintenance system would require redesign, eliminating
or. madifying sub-department boundaries so that the people
could work more easily together in controllmg key technical
variances.

‘The central purpose for any such redesign would be to better
cnable maintenance personnel to control variances where
they occur, and before they exceed stated limits. An effective
redesign would save time, moncy, and effort as well. Prior
research shows that such an approach, widespread in other
industries, could usefully be applied to aviation maintenance
{Taylor & Cotter, 1983).

2.1.2  Statement of Objectives

To improve safety, it is important to improve quality. To
improve quality we must understand employecs” state of
mind and the organizational and management aspects most
affecting that state. "This study was dirccted at identifying
these important aspects in aviation maintenance. With the
support of the FAA, the study undertook field rescarch as a
rapid diagnostic tool to understand and describe the network

* of relationships, commitments, loyalties, and motivations of
all roles in air carrier maintcnance.

"This study used observation and semi-structured intervicws
with a sample of members in significant roles in the heavy
maintenancesystem. The non-management employees clos-
ost to the aircraft, during overhaul, arc the airframe and
- powerplant (A&P) mechanic, the aircraft inspector, and the
maintenance plannericoordinator. These three roles are of
special interest in the present study. They are in contact with

one another, and togcthcr with their supcwwrs, they have |

the front line responsibility for heavy maintenance. Through-,
out this chapter they will be referred to as aviation mainte-

nance personnd {AMP)..
The focus of the study includes not only AMPs but their

contact with their unions, their supcrvisox%. technical train-

ers, producuon planning managers, mairtenance me nagers,

engincers, and others such as manufactur.rs” representatives
and FAA inspoctors. The object of these observations and
interviews was to bcgm to describe the systems of coordina-
tion and cooperation usad to accomplish safe and cffective
aircraft maintenance. .

fauitudes and state of mind arc influcnced by how the AMP ’

are organized, directed, coordinated and communicated

with, are the differences across the industry broad enongh to
<cause notice? Such differences can further be used to identify
some innovative, insightful 2nd appropriate alternative styles,
practices, and company cultures. The result of this study is
general r~=ommendations to the industry {(where possible
based on best practices), in the “normal” maintenance,
scheduling,and i inspection procss, aswellasin management
style and support activities.

2.13 Prior Research

A recent search of published references from the 12 year
period 1975-1988 ylcldod only 15 papers on human factors
in aircraft maintenance. Of those found, many dealt with the
physiology of human response. Examples of these indlude
discussion of the cffect of location, shape, or convenicnee of
cockplt controls serviced by mechanics (Schmitt, 1983). A
few studies discussed the whole person in context (Lock
&Strutt, 1981; Strauch & Sandler, 1984).

A recent article desciibed a maintenance system with dedi-
cated teams for cach 747 aircraft which Japan Air Lines JAL)
instituted in 1985. Individual kzzuks teams (it means “air-
plane crazy”), typically 15 engineers and AMPs cach, were
reported to be responsible for overseeing the cordition of
one of JAl’s 747 aircraft at all times, regard” s of where it
may be (Ramirez, 1989). Although repo . in glowing
terms no specific results or costs were related.

Accounts of successful team-based aircraft maintenance or-
ganizations have recently been reported in the U.S. Air Force
(Rogers, 1991). Improvements in tesults measured through
a serics of maintenance effectivencss indicators are reported.

Use of new technology. One reference described and re-
ported technical advances in military aircraft engine design
that were developed to make fidd maintenance duties “sol-
dier:proof” (Harvey, 1987). That referen—c to eliminating
the human factor through technology (or at least as much as
possible) is an alternative to the nuiion of a system of
informed derision making and cooperation (cf., Dichl, 1990).
Basod on experience in other U.S. worksites (c.g., Sloanc,
1991), it'is assumed that radical automation which replaces
human decision making with machines isn’t necessary (and
may be suboptimal) where AMPs can provide timely and
mformcd judgements based on an understanding of the “big
picture.”

Technical advances can be adapted to strengthen the main-
tenance system’s human responsc to its complex world. For
instance, one air carrier reported reforming 2 rule-based
maiitenance software system, originally intendad to direct
mechanical work, into a supplemental decision support tool.
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The results included retaining the cost benefits of the former
system while improving maintenance quality and mechanic
satisfaction (Mayer, 1987). A spokesperson for the carrier
said that this reform has changed the “expert (computer]
systern” into a [computer] “system for experts.”

22 THEORY AND METHODS

221 The Rsarcb Methods - Procedures:

Site visits. Eight U.S. air carrier and repair station mainte-

nance operations were visited. The choice of U.S. mainte-
nance sites was based on varied carrier size (induding
commuter line carriers), and varied location in the 50 states.

The specific focus of the study was the maintenance and
inspection work process as it relates to structure (primarily
fuselage) repairs in aging aircraft. This focus includes man-
agement practices as they may affect the practice of aircraft
maintenance, particularly as they relate to the aging fleet.
This sample included so called “heavy,” or hangar mainve-
nance only. In particular, the “C” level maintenance check
proved to be the idesl intensity of overhaul for the present
investigation. The C-check was ideal because it takes long

enough (up to two wecks) to reveal patterns of communica- -

tion (which are more difficult to observe with the varied and .

short jobs on the flight line), but short enough so that a visit
of two to four days samples a sizable segment of it. The C-
check is the third-level maintenance check for an aircraft,
usually done once a year or after about 2,000 flight cydes.

Each company site visit lasted two to four days. Investigator
impact on employees and management was purposefully as
slight as possible. Theinvestigatorworked largely unsupervised
and was present on night and evening shifts as well asduring
the day. Every effort was made to insure minimum disrup-
tion at the workplace.

* The xdcntzty of results obtained from the individual compa-
nies agrecing to paricipate was promised to be held perma-
nently confidential. In addition. data reports and summaries
would not reveal the ldcntmcs of individual persons inter-
viewed or observed.

Deveoping the interview format. An observerfinterviewer
‘ pmtocol was created to aid in colleaing and understanding
maintenance system communication data during site visits.
This protocol was not intended to form 2 structured inter-
. view survey, since much of thedara sought could be obtained

through observation. This protocol formed the anchor of

structure for obtaining the data dcscnbad below.

Obtammg site access. The haxson to the Azr Transpon
Moaanon (ATA) Engme:nng Maintenance and Material

Council helped provide access te six of the research sites used
in the present study. Access to the FAR Part 145 repair
station and one of the regional carriers was obtained through
the cooperation of the FAA Office of Flight Standards.

Four additional maintcnance sites were approached for
participation in thestudy, but could not bevisited in the time
frame of the study. In all cases the airline executives ap-
proached were extremely busy during the period of the data
collection and this preoccupation reflected intense activity in
their organizations. This period of overload was the domi-
nant reason that more heavy maintenance hangars were

unavailable for observation.

Collecting the interviews. The intervicws began with the
first site visit in February 1990, and concluded in August
1990. Over 250 technicians, supervisors and managers were
observed or interviewed. In total, 120 AMFs were observed
and met with, 6 foremen or supervisors were observed and'
interviewed; and 80 other informal discussions were held
with engineers (or other profmnomls), supcn'ntcndcnr.s,
managers, and higher executives at the sites. Most interviews
were conducted at the workplace. All data collected are
corfidential and the names of the interviewees and the
company were not discussed with others.

- Accounting for Potential Sources of Error. The intercsted

reader may wonder about the effects that observations of
managers and AMPs have on the quality of the data collected
ina study such as this one. Such contamination, when it is .
found, is often called the “Hawthome effect” or “experi-
menter effect.”

 This concem can be addressed by describing the probable

extent and severity of possible contamination. For instance,
AMPs may want to say what they believe the investigator
wants to hear, or behave in a way untypical of usual behavior
at work.

The issue is whcthcr the presence of an im&igatbr on the
hangar floot for several days does or does not substantially
change work performance, o the manner or frequency of
contact among mechanics, inspectors, planners, foremen,
engincers and others. It neads to be emphasized that al-
though respondents were asked to report events or results of
events that had passed, the majot focus of this research was
the direct obsetvation of what they were currendy doing on
the job, on a normal day, on an aging aircraft in the hangar
foe scheduled annual inspecrion.

With respect to the validity of the observations, it is difficult
to believe thatsignificant number of individual AMPs could
substantially change their behavior during the visit. It scems
even less likely that 2 foreman or managet could or would
suddenly dung: the work a.mgnmem ot coordination pat-
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terns of his crew. Finally it would not be likely that ingrainéd

work habits could be postf >ned or deferred until after the

investigator had left.

The validity of answers given to the investigator’s questions
is presumed high as well. Typically, questions had to do with
the content of an interchange between people, and multiple
parties were usually asked about the same transaction. Other

questions related to motives or feelings about behaviors of

selfor others. Such motives and attitudes are expected to vary
among people, but the interest in the present study is on
commonalities among AMPs. Thus motives or attitudes are
not reported unless the same or similar data had been
collected from a number of people at the same site.

In each cite visited, the investigator first introduced the
purpose of the study to local management. That purpose was
described as “establis ving a bascline of technician behavior,”
as well as job and organizational characteristics. After that,
foremen on each shift were in tumn introduced to the study.
Their cooperation in permitting the investigator to approach
their subordinate technicians was sought. The purpose of
these visits was continually enunciated. Considerable time
was spent helping the respondent (AMP or foreman) fecl

comfortable with the approach. After several days of the -

investigator’s retumn to the same shifts, most respondents
expressed comfort with the investigator’s presence and with
the purpose of the study. Once at ease with the intent of the
study, AMPs and foremen then carried on their jobs, with
others, as on a normal day. They were very willing 10 aplain
or clarify the reasons or purposc of their acts, interactions or
behaviors of themselves or others that the i mvcstxga(or could
not or had not seen.

This data collection then, was typically scen as a neutral event

and a mild change in routine for respondents. In some cases

technicians, foremen or managers expressed interest in see-

ing the resulting report. Departures at the end of a visit were

always warm or at least cordial. Call-backs were made to the

managers at several sites. In no case was negative feedback
" obtained — the visit had been a neutral event.

There exists one coincidental source of data which confirms
that the method of data collection used is not stressful or

3

confounding. These data result from the occasional overlap

.in sites sampled berween the present study and the Job Task-

Analysis (JTA) described in Chapter 3. The study described
in the present chaprer followed the data collection at three
sites used in the JTA. In all three, special artention was paid
to the possible effects of a slighdy earlier visit by other ficld
investigators. The JTA study had been of inspection depart-
ments only and the study in'the present chapter deals with

the rotal heavy maintenance system (as far as it includes “C”

checks). Thus there is only partial overlap in the people

interviewed of obscrved at a given site. When speaking with -

inspectors in these sites they said cither that they remem-
bered the previous visit with pleasure, or thart they barely
remembered it, or only recalled being told about it {“itwas so
bricf,” twok so little of their time, didn’t come up in conver-
sat:on with others, of was just “cne of many” distractions
passing through the hangar). In no case was the JTA study
visit recalled with suspidion or derision. It is extrcmc‘)
doubtful (given all of this) that technicians or foremen had
been able or willing to substantially alter their usual behavior
on the job simply bemusemvtsugatorswcrc there, observing

a typical day.

222  The Organizational Model - Socxo-
tecknical Systems (STS)

Socio-technical Systems (STS) is the organizational model
used in this study to describe aviation heavy maintenance
system. STS. was developed ro help undeérstand purposeful
work systems in complex, environments. STS ass=sses “good-

ness of fit” among people and technology as they respond to
their environment in attaining systems success. STS analysis
combines a technical systems view with a social systems view

to capture the strengrh of both (Taylor & Asadorian, 1985).

STS is a theory and practice of organizarianal development,

in use over 40 years and apphcd in awide vanety of industries
world-wide.

The phases of STS amlyscs. STS analyses adhere generally
10 a series of stéps or phases. Although they may differ from
project to project in precise terminology or serial order the
phases may be described as follows:

1) Clearly defining the system’s purpose, its values, its
. objectives, its boundaries, and its salient environment

— The System Scan.

2)  Identifying the critical ot key variances in the product,
or throughput, which most determine success in mect-
* ing objectives and thereby pursuing the'basic mission

~~ The Technical Analysis. '
Examining the role relationships among the system

members oremployees in controlling the key variances
and in cooperating otherwise for the survival of the
system — The Social System Analysis.

STS begins in the system scan with the purpose ot mission of
the enterprise (in aircraft maintenance the purposes of the
miintenance and engincering systems should be consistent
with the overall mission of the company), and examines the
degree to which there is a common language and common
product for this purpose throughout the whole maintenance
nerwork. Examples of possible quistions revealing mission
include: Is the aidine i:smost profitable,” “the bw«c«(,_

“the chcnncsr, “the business ﬁycr sairline,” the “best value,”
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the “safest,” the “highest quali.-” (either in aircraft, or in
service), the “most reliable,” or p*rh~rs the “most visible
carrier in its market?”

Public statements of such mission statements (including
communications to employees) are extremely rare in thesites
sampled. Some airline missions are directly addressed by
maintenance performance objectives, but many are not. Of
course safety and aircraft quality are maintenance deliverables,

but it is unlikely that any air carriers, in any country, single-

mindedly and exclusively pursue these ends alone. Itis logical
10 expect, in many cases, that maintenance remains “the
place where highest mechanical safety is pursued at the most
reasonable cost.” If this is true, there is litde to engage the
average AMP with the company’s overall mission and goals.
He or she “belongs,” then, only to a maintenance shop,

. divorced from the larger purposes of the airline — purposes

which could help provide a sense of context, meaning, work
priorities, and congruence between maintenance and the
company as a whole.

. Anexampleis available to illustrate howa public, visible (and

presumably believable) airline mission can be connected to
heavy maintenance activities. The Japan Air Lines “kizuki”

concept of a dedicated maintenance team per aircraft has -

reccived heavy advertising exposure during 1990. It is inter-
esting to note from the magazine advertisements that JAL is
proud of its “on-time departure record,” and thar “kizuki ...

~ obsession with 747 performance has helped maintain that

record.” While similar mission-driven innovations have led
to weli-documented successes in Japan’s auto industry —
and to various industries in America and Europe as well —
no hard numbers on JAL’s kizuki system are yet in the public
domain. Perhaps they never will be. Some U.S. companies
(Proctor & Gamble, for orre) hold the details and results of
ateam system approach very close to the vest, on the grounds
that it gives them a distinct competitive advantage worth
protecting,

Given purpose or mission, it is also nccmsary o bc clear
about the deliverable or output from maintenance. Is this
output consistent with and in visible pursuit of company
purpose, or is it at odds with'the larger enterprise? These
comparisons are made during the STS “techriical analysis.”

- The technical system analysis explores the question: “what

happens 20 our aircraft as they pass through our maintenance
systems again and again?” The answers are important to
inderstanding the maintenance function as a system, be-

. cause they focus on the results of the work instead of just the -

functional and organizational spcclalms surrounding the

‘work.

Key variances (an STS concept defined as f’x'mr: ia the
product throughput, which determine suceess in meeting
objectives and thereby pursuing the basic mission) in aircraft

overhaul, as in any technical system provide prioritics for
understanding complex work. They are often interrclated,
they always reside in the system’s throughput, and they can
be expected in the process of a “normal” day.

Examples of technical variances in aircraft repair include the
following:

Time reﬁuired for repair {the longer, the greater
priority to start with it].

Parts availability [identifying what needs replacing

early enough to order it cheaply or preclude delay of

repair beyond the norm].

Nature and/or extent of flaw, defect, or damage .
[more complexity requires special skills, and coordina-

tion with other skilled members).

Visibility of flaw, defect, or damage {less visible flaws
arcoften detected later and can delay, prolong, or defer
other priority wark].

Once specific variances are identified in the technical system
throughput, these are investigated to determine how they are
controlled, by whom, using what information. This key
variance control analysis provides an important opportunity

"to see the degree current ways of controlling these variances

through effective thinking and behavmg may show room for
improvement.

The social systéms analysis examines the work-related com-

munication among people in an enterprise. It permits de-
scription of the social system as the coordinating and
integrating buffer berween the technical transformation pro-
cess and the demands and constraints of a turbulent environ-
ment. The people who are in the most central or focal roles
in the social system are those who are mast involved in the

‘control of key technical variances.

In the present study social systcrﬁs analysis addrosses the -

work-related interactions among people.in the maintenance

system. [t is an evaluation of who talks towhom, about what,
.and how it’s working. Social systems analysis is linked to the

technical analysis because the most important communica-
tions documented are about the throughput and product,

but the social system is also the wider mechanism for flexible

n:sponsc wa changmg environment.

2.2.3 Analysis of the data

All data from observation anid discussions were entered ina
database, coded by “system scan” information, “technical
system” information, “attitude or merale” data, and “social
intetaction.” This last category was further coded by the type
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of social interaction specified above. Thesedata were collated
and analyzed by the investigator.

The social system analysis was conducted in the following
manner. First, all of the data were combined and the re-
sponses to each topic discussed were consolidated. All of
these responses to each of the topics were then tabulated by
job title and summarized. The social system analysis focused
on the concept of the social role as the basic link between
organization demands and employee competence and un-
derstanding, The social system was defined as a network of

work related actions and communications which are medi-

ated by the reciprocal role expectations of individual employ-
ccs. In this context, all relevant relationships in heavy
mainteniance were defined as induding the following:

NE Supcriors wn(h subordinates,
2)  Mcmbers of the same work group with one ano(hcr,

3)  Members of work groups with members of different
groups within the heavy maintenance system, and

"4)  People insidc the heavy maintenance system interact-
ing with people outside that system.

In addition to these four relationships, attention was also
focused on the relationship between role occupants (AMPs)

_and their jobs (or quality of working life), since job related
feclings are st-ung determinates of morale.

The social system is further described as serving four organi-
zational functions. The four functions that any social system
fulfills are as follows:

1 Attaining’ the systems primzry GOALS (G);
2) . ADAPTING (A) to the o(tcmal environment for
immediate survival;

3) INTEGRATING (Iy internal environment for m:m-‘

agement of conflict; and,

4)  Providing for the development and maintenance of
' the gystem’s LONG-TERM (L) neads.

These four functions (G, A, I, L) can be evaluated in terms of
cach of the four types of relationships described above, and
the results displayed in a 4 X 4 grid (a 16-cell matrix of
- functions X relationships) where cach ccll in.the grid is used
to specify a particular type of social behavior.

“The social analysis focuscs spccxfcally on the primary rela-
uonshvps of a “focal role.” In this case the mechanics,
inspectors, or planners and their foremen or managens be-
came the focal roles around which the social analysis was
developed.

Based on the responses surveyed, the investigator proceeded |

10 evaluate the meaning of the data as classified in cach of the

16 cells of the grid. A positive sign (*+”) indicates a favorable
rating by the investigator that the communication as ob-
served was helpful or facifitative to the funcrion or relation-
ships. A zero (“0”) means the communication as observed
was neutral to the function or relationship. Finally a negative
sign (“-") means that the communication was scen or re-
ported to be detrimental to the function or relationship.

Thesocial analysis was then continued by developing a “focal
role network” (i.c., a2 map of relationships indicating who
interacts with whom about what) that iltustrates the activities
taking place around the AMP and their supervisors. These
networks were constructed basing the distance between the
various roles on the frequency and importance of the interac-
tions.

'

Dcfined this way, the sodal system is not mere friendship or
informal support, but rather the source of adaprability and
flexibility in coping with variances in the product, and with
the system’s complex environment. The demands of this
environment go beyond merely satisfying a consumer mar-
ket, or coping with supplics of raw materials, or the other
aspects directly affecting the technical system. That environ-
ment is actually ‘many environments — legal, legislative,
labor, cultural, competitive, dimatic, and so forth.

. 23 RESULTS AND DISCUSSION

' (Bocing 707, and Douglas DC-8 i
- established in the U.S. commercial flger. Douglas DC-9and

23.1 Evolﬁtion of commerdal aircraft
mamtunnce, 1970—-1 990

During the course of thc site visits for the yrmcm study a
number of long-service heavy mainfenance managers and
supervisors described their views of the industry. What
follows is the remarkably consistent picture which emerged, .
from these discussions, of the changes during the 1960s, the
1970s, and the 1980s in aidine maintenance.

In the Jate 1960s and cady scventies modern jet airliners

particular) were well.
Bocing 727 were newly introduced 3s smailer Joad, shoner
trip, but still high altitude h)g‘l s atreraft. At that time
the organization of hangar maintenance was guided by the
skill and expericnie of general foremen. To them reported
shift foremen and specialist mechanies prepared mainly by
their duty tours in military aviation. Already included before
the 1960s began were schedulers (ornmc-kccxrs) to mnm-
tor job assignment documents, and jnstructors to improve
and broaden the mechanics’ performance and skills on the
newer aircraft. The off crisis of 1973 sent fucl and ticket

. prices up, causing a reduction in pasiengers, and caused

,many airlines to lay-off nower, less ofperienced mechanics.
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By the late 1970s and carly 1980s the experienced mechanics
and their supervisors had reached a high level of competence.
Job cards for work assignment had been proven effectiveand
the process of standardizing the work flow in hangar mainze-
nance had created a need for a larger role for the “work
planner.” In 1979-1980 the further oil shortages, higher fuel
prices, the air traffic controllers” work slowdown, and de-
regulation all converged to force many carriers to reduce

costs further in face of increased competition. With aircraft .

maintenance technically under control with an ample and
competent workforce, more AMP cuts were made.

. Currently, in 1990, we find reduced numbers of experienced
heavy maintenance mxchanics and inspectors — the still-
lingering result of AMP layoffs during the economic turbu-
lence of 1979-83; coupled with the exodus of senior AMPs
prompted by retirements, promotions, and interdepartment
transfers to maintenance shops. Following the recession and
deregulation, what we find are. myriad signs of a cost-

_ conscious lndustry — the most obvious signs of which are
reduced pants inventories, and the lean AMP staffing levels.
Finally, as we well knov now, the fleet of new transport
aircraft in 1970 has become “aging aircraft.” Together these

- changes result in ‘the typical 1990 hangar maintenance

organization guided by shift foremen'and/or planners. The

latter are increasingly computer-literate and tasked with
digitizing the job card and work planning/tracking system.

With the hiring of new AMPs, and with the increasing

complexity of new aircraft maintenance, training depar-

ments and their instructors have become once again an
important aspect of maintenance effectiveness.

The current hangar maintenance AMP staff typically has a
bimodal experience distribution of 30-plus years, and 3 or
fewer years. There are relatively foew heavy maintenance
AMPs with company tenure between those two peaks. With
the increase of aging fusclages and Airworthiness Directives
(ADs) 1o attend to them, the greatest demand for new
mechanict has been in sheet metal repair. Thus most sheet
metal mechanics are new, and most of these are young. Many
sheet metal mechanics hold an A&P license, but are new-
comers to the field, having done other work first. In many
cases thesé f:ew AMPs do not have military experience, and
if they do, they are not necessarily immediately qualified for
A&P work with commercial transport category aircraft. For
instance expericnce as a military aviation crew chicf provides
limited but deep experience in weight & balance; while
repair in helicopters provides minimal undentanding of
repair on pressure cabins. There are also some AMPs who
come into airline mainterance work after spending time in
defense-related and/or-.commercial aircraft manufacturing,
‘They usually know little abour repair, although they are

often very competent in sheet metal riveting. While some of

- them may know little about repair, many AMPs today are

not hired as experts in aircraft repair, but to specialize in
sheetmetal work only.

In summary: The prominent foreman role of the 1970s,
reduced during the 1980s has reemerged in the 1990s in
order to manage the many new AMPs in the heavy mainte-
nance work force. An added complexity is that computerized

planning systems (including the planners, schedulers, coor-

dinators who operate them) constitute a challenge to the

. foreman’s traditional authority, and the “authority ofknowl-

edge” held by the “mas.zr craftsman” in this industry.

The remaining results of the study will be presented as
follows. First are the unfiltered results as obtained from the
formal protocol developed for the visits. Next are the most
frequent opinions, attitudes and feclings expressed by AMPs
during the visits. These feclings or thoughts are specifically
those dealing with company and maintenance system cul-
ture, mission, or values, and therefore contribute to impor-
tant aspects of the system scan. Third, technical system data
are described which deal with the aircraft and elements
comprising the “critical path” of the ‘overhaul. Fourth, the
social system data are presented from the analyscs described
above. _
232  Inidal Results from thq Observation’
Interview Protocol

The following section describes the overall findings from the
site visits, organized by the questions of items in the protocol.
The descriptions reflect 2 norm for the sample studied, and
not necessarily any carrier in particular.

1. Conmct amor.g mechanics -

a How many ‘mechanics are workmg together on
this aircraft?

About 25 mechanirs work together per shift for
a total of about 75 mechanics total on- thc
average C-Check. :

b.  How many subgroups are employed on various
jobs on the same aircraft? - -

Between four and six maintenance subgroups
are emiployed on various jobs on the aircratt
during overhaul. These subgroups consist of the

occupational specialtics of sheet metal mechan- -

ics, iggers/gencral A&, cabin mechanics, clean-
ers; and sometimes painters, and contractors
(specializing in particular rcp:ms such as fucl
t.'mks)
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* Are subgroups involved in the overhaul that

indude occupations other than mechanics?

Other regular subéroups or occupatioral spe-

- cialtizs involved in the normal Ccheck are in-
- spectors, parts or materials clerks (two or threeto
* a group), and planners ~r coordinators (usually

organized in groups of two to four).

Did the subgroups meet togcthcr or reform
themselves so that mechanics work with various
others during the period of the visit? ~

These groups were not observed or reported to
mect together as such. The subgroups du not
change themselves in composition during uic
check lthough they may change in inembership
as usual members rotate through their indi-
vidual shift schedu'ss, or work overtime on
another shift. Occasionally a mechanic was reas-
signed by the foreman to work with mechanics
in another subgroup, or a foreman would re-
quest all available membere of a subgroup to,
assist in a task i which they normally would not

be assigned.

How often do the mechatsics {or other AMPs)
meet dun'ng the visit? What is the content of the
meetings, How large are the meetings, How
long are they, When do thcy fall in thc shift,
Who conducts the meetings?

The frequency of formal meetings among me-
chanics during the visit varied widely by site. In
one case, all mechanics on a crew are brought
together daily (for abour 10 minutes) at the
beginning of the shift by their shift foremen.

"The content covers the range from the day’s
work and assignments, to what’s new in the-
company, to pcrsonal items about people on the

shift crew.

In another site 2 weekly safsty mccung was
observed where the foreman spent a few minutes
at the start of shift reading to all inspectors on
that crew a safety memo prepared by the vice-
president of operations.

In another site, a shift inspection foreman ar-
ranged a brief mecting between all of his inspec-
tors and the investigator. This was really an
extension of the otherwise informal “get-
togethers” inspectors held before each shift. These
informal meetings cfinspectors, and of mechan-
ics, are described in more detail bdlow: ‘

No formal meetings of mechanics was otherwise
noted, although some sort of monthly (or less
frequent) ‘meetings with their AMPs werc re-
ported by foremen in nearly every site.

How much informal contact among mechanics
(and other AMPs) is there during breaks and
lunch?

Considerable informal contacc was observed
among mechanicsduring breaks and meal times.
Typically, this took the form of conversation
among friends around the picnic style tables in
the break areas. These groups did not often
exceed six or eight people and were usually
smaller. Regular diques of larger and mutually
exclusive groups were seen or reported only
rarely.

Even more i ..ormal contact was noted among
inspectors. Their shift group size is smaller (about
6-10 in the typical carrier) and this makes it
easier for the entire functional group tosit around
the same table before shift, and “swap stories.”

~ Planners tended to stay ro themselves and took

breaks with neither inspectors nor mechanics.

How much conracs is there among mechanics
between shifts, Are mectings held between shiffs.
Who attends thse meetings, Who conducts

them?

Lide to no contact between mechanics on dif-
ferent shifts took place. In no.cse were meetings
between mechanics from two shifts observed.

-Inspectors were much more likely to communi-

cate with counterparts on other shifts. In several
sites their shifts actually overlapped by an hour
or more, so they could work together. Gcncmlly
inspectors on the same shift took part in meet-
ings (daily or less {requently) conduczed by thclr

' foncman.

Planncrsusuallyalsomc: theircounterparts, and
the foremen, on other shifts to discuss work
assignments, . '

2. Contact with Foremen

How often are foremen in contact 'with indi-
vidual mechanics on a daily basis?
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Mamtenancc foremcn are in contact with each
mechanic an average of three times a day:

b.- How much foreman contact during the visit is’
work assignment? How much iswork guidance?
How much is administrative (payroll, vacation -

scheduling, sick leave)? How much is tmnmg
How much is disciplinary?

This daily contact primarily concerns work as-

signment (unless the labor contract resiricts this -
task to lead mechanics, as it did in wo of the -

cightsites). Other usual reasons for daily contact
indude work guidance or instruction, and ad-
ministrative matters.

In the typical case about half the foreman’s
contact with a mechanic is work assignmentand
reassignment during the shift; about one-third
involves work guidance/instruction (especially
in thesmaller operations), and about one-sixth is
administrative (payroll, vacation scheduling, and
sick leave). A small proportion of time was
observed in employee discipline.

3. Contct with Inspectors

2. Does this carrier have a separate ihspcction staff
and department? If so how often do inspectors
and mechanics talk tngether in general?

¢ inspection dcpanmcnts and staff were
found in all of the major airines visited, the
repair station, and one of the regional airlines. In
the two smaller regional airiizes (but operating
aircraft large cnough to be covered under FAR
Part 121) a separate quality control (QC) de-
partment existed, but had no inspectors dedi-
cated to it full tine. In these sites certain
mechanics were authorizeu 10 act as the inspec-
tors for the QC department. These inspectors
were usually the most experienced mechanics
. and often acted as lead mechanics or assistant
maintenance foremen as well as inspectors.

In thelarger sites, mechanics usually try to speak
directly with inspectors about quality martters.
In the two smaller sites the contact is much more

frequent because the inspectors are also a

mechamc s colleagues of mentors,

4 Conmctwith upper management

2.

How often do inspectors and mechanics talk
together about the aircraft they are working on?
What is the content of their conversation; if it is
not advice or direction what is deiiberated, and
what is resolved?

Mechanics’ face to face contact with inspectors
averages three times a day in the larger sites.
These contacts are usually requests by the me-
chanic for the inspector to “buy back™ or ap-
prove a repair.

A mechanic following a non-routine defect re-
port is in reality in indirect contact with an’
inspector who carlier dete.mined that the defect
required action. Sometimes the mechanic and
foreman would contact the inspector or QC
foreman to darify the request, or to withdraw it
for cause. :

How much training do inspectors provide me-
chanics during the visit?

Training varied greatly among the sites visited.
In some large carriers, inspectors were sought
out by mechanics for advice or instruction, while
in others (particularly in larger carriers) the
inspector’s role was limited to inspection only,
and mechanics were kept at a “social distance.”
Advice and instruction were clearly a part of the
relationship between the combination inspec-
tor/mechanics’ and the mechamcs in thesmaller
carriers.

How much informal contact between inspec-
tors and mechanics is there dunng breaks and

lunch?

Very lide informal of non-work contact was

observed in the larger sites. |

How much contact was noted, during the visit,
between AMPs and upper management (from
maintenance management, of clsewhere in the
company)? {This can include memos, video
communication, clectronic mail, and “wavingas,
they pass through,” ds well as face to face com-
munication.) :

In one large overhaul operation, multi-media
communication from upper management was .
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virtually continuous during the visit. This in-
duded video monitors outside the cafeteriashow-
ing current news stories of relevance 1o the
company; a company newspaper was available;
well organized bulletin boards containing an-
nouncements on a variety of topics; plus (during
the time of the site visit) the president made a
series of “hauigar briefings” to personally inform
employees and ke questions about important
upcoming events. .

In the other large operations visited, communi-
cation from upper manhagement was limited to
written announcements (posted on bulletin
boards, or read out b: {oremen or supervisors in
meetings), and in company newspapers. In more
than onésite, many AMPs could not remember
the name of the company’s president.

In the smaller companies, upper management
was visible in the hangar during the visit, and it
was reported as normal for the owner or presi-
dent, and his management staff, to drop in
several times per week. Such visits were not
rcponcd 1o involve work-related communica-

"tion between AMPs and executives.

S. Contact with FAA Pnncnpal Maintenance Inspec-
tor (PMI)

Isth.rea PMI onssite? How often are AMPs and

maintenarice foremen in contact with the PMI
during the visit? What is the content of their
conversation? What is the setting (meeting, in
the plane, in the break room, foreman’s office,
etc.) -

A PMI was seen in the overhaul area at twosites.
In one case the PMI spoke with day shift inspec-
tors, at the aircraft, about the non-destructive
inspection (INDI) task they were doing. In the
other the PMI discussed repair procedures with
maintenance and inspection managers, both at
the plane and in their offices. (The number and
duration of the observation visits made it diffi-
cult to know how often the PMI was present)

6. Contact with Trade Unions

a.

b.

If employecs are represented by a union, how
much contact berween AMFs and their union
rep, and/or inspectors and their union rep was
noted or reported during the visit? What was the
content of the contact?

In sites with trade union representation, AMPs
were in informal contact with their local stew-
ards often on a daily basis. In larger sites, where
mechanics may not be able to sit at the same
table with a union representarive during breaks
or lunch, the cortact was less frequent. In the

Nargest sites wisited, the union officials had their

own office space allocated near the hangar work
area and tended to remain there. Few AMDPs
were seen in contact with officials in these offices
during the visits.

How much contact was noted or reported be-
tween union representatives and mansgement
(indluding maintenance foreman) during the
visit?

Some contact by union officials or stewards to
foremen was observed. The content induded

questions ahout work assignment and potential
jurisdictionaldisputes, personnd issucs and ben-

efits.

7.+ Contact with Trainers

a.

How much contat between trainers and me-
chanics, was noted during the visit? What was
.the nature of this contact? :

In several of the larger sites, experienced mainte-
nance personnel (often close to rexirement and
recently transferred to training or plansing de-
partments) were assigned “Cn the Job Train-

ing” (O] T) dutics. In only one of these sites were.
" these OJ T trainers observed in the hangarand in

contact with mechanics. In that case mechanics
n:poncd bcncﬁung from the OJT trainers’ ad-
vice or hands-on instruction.

Mechanics often doubled up for training, and

'the more experienced were directed by foremen,

or sometimes requested by other mechanics, to

provide OJT.
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The same relationship was noted among inspec-
tors. OJT was requested by less experienced
inspectesy, directed by QC foreman, or offered
by the more evperienced AMP.

How much contact between trainers and in-

spectors, planners, and/or foremen was noted .

during the visit?

No formal trainers were scen in contact with
cither inspectors or planners/coordinators dur-
ing the visits, since formal training is conducted
at the training site. .

Classroom training for new mechanics was usu-
ally going on in or near the hangar during the
visits. Typically, formal trainers or teachers con-
ducted these dasses.

Classroom trainers occasionally contacted shift
toremen in the larter’s office at the completion of
aday’s course or segment.

Was any kind of training provided during, or
- immediately preceding the visit? Was that train-
ing specific to the repairs on the visit aircraft?

As noted above, nearly all the laiger sites visited
were in the process of aircraft orientation train-
ing for new mechanics. At some of these sites,
other mechanics’ classes were underway, dealing
with more advanced topics or recurrent training,
In all cases, this trairing was related to aircraft (as
distinguished from safery training, personnel or
communication, or administrative marters).

|
In the smaller sites, no formal training was
observed or reported. Thesesites had no trainjng
departments or dedicated specialists for instriuc-

tion.

8. Contact with Flight Crew(s)

- Was information passed from the flight crew or
cabin crew to anyone in maintenance about this
- aircraft? If yes, who was the maintenance con-
~tact; and whar was the content, form (formal
report, note, face to face, ctc.), and timing of the
communication?

a

In two cases in the larger carriers, was a flight
crew observed in contact with hcavy mainte-
nance hangar personnel. These were cases where

the finished aircraft was being released to the

pilot and crew. Limited information about the
overhaul was formally transmitted to the flight
Crew. '

In the smaller sites, frequent contact was noted
between flight crews and AMPs. In addition to
written communication in the aircraft logs, pi-
lots would sometimes verbally describe the per-
formance of the plane to a lead mechanic or
inspector. Mechanics or inspectors sometimes
accompanied the flight crews to the ramp for
enginc or systems run-ups; or actually joined the

flightin cabin orcockpit. The information passed

in these flights often dealt with cabin pressuriza-

tion and door seals.
2.3.3 Common Attitudes and Opinions: The
System Scan

Thereweresimilaritics, across the various sites visited, in how
AMPs saw things and felt about them. These common
artitudes can help yield a systems scan of the “typical” heavy
maintenance systems sampled in the present study.

Organizational purpose and mission. In all sites, a typical

statement was, “everybody wants quick turnaround.”

Whether this was cause for AMPs’ frustration, or stoicism, or-

pride depended on the degree to which they saw this as
realistic and relevant. AMPs observed in this study con-
scic sly accepted safe and fast turnaround as relevant, bue
not always realistic. Most sites visited hac no explicitly stated
maintcnance mission, beyond finding and fixing flaws as
directed. '

In one site visited AMPs’ immediate work assignment and
the larger mission seemed dearly connected. In this site,
maintenance foremen held a brief start-of-shift mecting with

their crew. In these meetings the foremen described thework

to be done, the system’s performance to schedule, and made

" {or explained) general assignments. Mechanics had usually

obtainad the job cards from the scheduling window before
the meeting and would go on to gather materials and tools at
its coticlusion. During the mectings AMPs had the opportu-
nity to query the day’s assignment and the overall scope of
current aircraft in for overhaul. This was the only one of the

" sites visited in this study which revealed a strategy of mainte-

nance which was both acknowladged and successfully pur-
sucd by AMPs. AMPs and foremen at this site took pride in
airworthy repairs and fast turnaround of the aircraft. ‘They
reported that they made a diroct contribution to the efficient
and timcly delivery of quality aircraft..
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In several other sites the work was arranged w0 that AMPs
continued a job from one day to the next, without turning it
over toanother _.uft. Although their mission may or may not
be clear in these locations (and rapid turnaround was never
seriously believed as important by AMPs there) the AMP
could usually feel secure in knowing what was the job at
hand.

2.3.3.1 Organizational Culture

Hackman, (1990, p. 495) has reported that even though the
advantages of teamwe rk in the cockpit are widcly recognized
in the airline industry, the culture of thar industry still
emphasizes individual rather than team aspects of cockpit
work. In the present study it was found that this same culture
influences the maintenance functions as well. Aircraft me-
chanics are proud of what is called their “macho™ style. And
individual licensure and personal hiability has, in some cascs,
had an added effect of making AMPs and their supervisors
less willing to share work across shifts, or with less experi-
enced or less skilled collmgucs The resulting performance is
slower (actually incursing delays when key employces are
absent), and the .ability of AMPs to exchange ideas or
information is sometimes limited. This restricted communi-
cation further supports traditional emphasis on the mdl-
vidual contributor as the basic work unit.

Another part of aviation industry culture is the passion for

flight. In the past, the aviation industry could aptly be called
“boys’ own airplane club,” because the people who chose it
loved airplanes, and flying. It was a boys’ dub, in heavy
maintenance at least. Even today few women AMPDs or
managers were scen during the visits. The airplanc passion,
however, has largely gone the way of wooden propellers and
fabric wings — held only by the long-time employees and
few of the new-comers. From the top to the bottomi jobs,
people today join airlines for many reasons beyond the love
* of planes. This dear shift plus other changes in labor force
confounds the long-service employee. Older AMPs are some-
times dismayed with the newer mechanics’ acquired skills,
 their laissez-faire attitude, and their higher turnover. The
new mechanics often profess to “like it okay here,” but admit
they are not “excited” about it. In some of the sites visited the'
“company's reputation is of little concern to them, because
many can sce themselves as moving on to other companics or
even other industries. These contrasting attitudes suggest a
culivre undergoing a considerable transformation.

12.3.3.2 Control over Work Assignment

An orgamunon can have a clear focus of control, whcthcr or
not it has a mission or conscious purpose. Such control is
invariably m(hcumtrolofnthcrpmplcs activitics, cvp(tm“\'

in the performance of the work. This controf of behavior is
som:times structural, combined with behavic -l norms, and
sometimes the norms themselves, ever time, can yicld con-
trol in Gne group over the others. When control over one’s
actior:s is diminished, “ownership” or pride of work declines
too. In the present study, this lower pride was sometimes
associated with lower care/attention to the work — leading
to slower work, fewer “buy-backs” by inspectors, lower
morale and higher reported employee turnover. Usually the
struggle for control ever maintenance work was found
between maintenance and planning.

Computers and control. The struggle far control takes on a
different and more complex dimension as computerized
planning becomes more common. Control by the computer
can take on a life of its own, sceming to fisc above both the
maintenance and planning people in its rigidity and singular
focus. In somesites both maintenance and planning seemed
confounded by the computer-based system of work plan-
ning. Complaints were heard primarily about the quality of
computer-produced job cards and the absence of associated
graphics. Other complaints were voiced abourt the rigid
decision models the computer used for scheduling. |

Autitudes about training. Younger workers’ antitudes toward
recurrent training are mixed. In companics where some
trainine ° _rovided they wanted more; in those that didn’
provide iriuch training, the AMPs didn’t complain (but they
lirerally may not know what they’re missing). Many older
AMPs were able to describe the OJT procedure and its
paperwork (they usually know it well), but they also say when
they show younger guys something, it isn’t long before they
“think they know cverything.” Such younger employess’
attitude toward training, if true, could work, over time, to
stifle the amount and quality of O T.

Occupational Safety Practices. Safcty is important every-
where, . but practices vary widcly. At some sites, it was
assuned that if no accidents have been reported, then the
safety policy is okay. At one site, safety policy required leads
completing a start-of-shift check list on hausckeeping and
safcty cach day. In another, the foremen reported that they
hoid 30-minute safcty mectings with their AMDPs once 2

month. Yet another site nad a new operations vice president

. who, among his fisst official acts, required weekly safety

reminder sessions. Another site used blarket rules such as not
allowing tennis shoes on the base. In some sites there is much’
safety equipment around. Such equipment includes auxil-
iary lighting, overhead cables and harnesses for working on
the aircraft crown, . safety rails on saaftolding, protective

clotning, rubber gloves, safety glasses, safety shocs, ear plugs,

respirators. Some safety posters were in evidence. It was

gratifying that at a personal levd mechanics and inspectors
were often scen to remind their co-waorkers to act sately. Ac
several sites, foremen were observed refusing to assign work
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to their shift in unhealthy conditions (e.g., where painting or
paint stripping was going on nearby).

In the main, personal safety in aviation maintenance is not
always emphasized to the degree seen in other industries.
Sorne examples are that AMPs were observed to “ake indi-
vidua! responsibility for spreading absorbent clay on oil
spills, but only after somebody slipped. Several sites evi-
" denced a variety of casual lightweight sport shoes. In others,
few AMPs wore carplugs or muffs, were seen not 0 use
overhead hamesses when working on the crown, and made
lirde use of auxiliary lights (in favor of many Bashlights).
Some of the foremen observed were very attentive to safety
issues during the visits and some were not.

Housckeeping in the overhaul area. In several of the sites
visited, one can walk to stores or break areas only by passing
through dimly lir, cluttered areas, with hoses and wires in
profusion on the floor. Despite the frequent artention of
janitorial crews, hangars at several of the sites visited were
dirty, dusty, or oily not only on the floors but on other
surfaces too. Work areas where AMPs demonstrared a pride
in cleanliness or tidiness were noted in only about half the

sites visited in the present study

2.3.4 Technical System Findings

Planning the overhaul.' How the work is planned and
performed in heavy overhaul of aging aircraft varied among
the sites visited. In about half the sites the day-maintcnance
foreman was responsible for assessing the extent of repair
necessary, .nd managing the course of the overhaul, follow-
ing the prdlmmary inspection by the quality control (Q(’)
department inspectors. Sometimes the planning group, in-
stead of the foremen, was responsible for scheduling and
managing the overhaul. In one case QC had taken unwitting
.control for managing the “C” check, through dosecontrol of
the issuance of ;ob cards.

'Key variances in aging aircraft. Large and complex repairs
were often called the “critical path” for the overhaul. Defects
such as cracked doors or door frames, or extensive corrosion
of floor structures or pressure bulkheads were usually judged
as critical items or key variarces 1o plan the overhaul around.
Key variances do not always require the most time consum-
ing repairs, but they may demand cxotic parts or special
engineering planning, or intricate scheduling of other re-
pairs.

Management in scvcral carriers expressed particular pndc in
corresion control programs they had developed in-house.
Thase programs were later confirmed by AMPs, who said
that the company was willing to spend the extra time carly,

inspecting and treating corrosion-prone areas, to control
these variances in advance which prevented “surprises™ later.’
If used aircraft were acquired from other carriers, the special
efforts to cope with their new-found corresion demonstrated
the quality of the original flect and the positive efforts of

corrosion prevention when it is employed.

At some other sites visited such variances were not as well
prevented, and might not be detected in the preliminary
inspection. Occasionally the extent of a defect detected
during preliminary inspection (particularly hidden corro-

, sion) would not be revealed until late in the overhaul. in a

majority of the sites visited, corrosion (particularly when
accompanied by fatigue cracks) and sometimes ramp-origi-
nated damage 1o skin, baggage doors and holds resulted in
repairs that required more than the originai estimated time.
This optimistic time estimation (coupled with poor coordi-
nation or miscommunication between shifts or with shops,
or from éngineering or QC which led to rework at least some
of the time) meant that there was some kind of regular

surprise” that thwarted AMP cfforts to complete the over-
haul on time or in budger.

Some key variances in aging aircraft [e.g., multi-site damage
(MSD), or exxensive corrosion to aircraft structure] demand
special knowiedge about structural repairs to adequately
fulfill cither “"damage tolerance” or “fail safe” requirements.

~ The existence of several such variances on the same aircraft

were observad (o require the simultancous employment of
very high (and scarcey AMP competence, and a considerable

degree of engineering or shop suppore. During these special

work reassighments progress or: other aircraft in the hangar
was sometimes delayed. -

2.3.4.1 Orgaaizational structure and work -
performance

A certain degree of coordination difficulty and miscommu-
nication results from the way the systems were structured.

" What differences do variations in the organization chart

seem to have on'maintenance performance? What stnuctural
similaritics do companics in the sample share which may -
threaten to lmp;ur their currently enviable pcrformancc'

rncord’

Some heavy maintenance is organized with maintenance,

marerials, inspection, and planning/scheduling function: all

" reponting to separate vice presidents. In other companics,

schaduling and maintenance report’ together at a lower
organizational level. In yet others, materials department
reports to the maintenance organization. These differences

are reflected in the degree of cooperation among the deparnt-
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ments and the degree of shared purpose felt and expressed by
incumbents.

Differences were found among the sites in organizational
structure (chain of command, span of control). Where
strong functional chains existed, communications between
AMPs in the scparate depantments were often limited. Stores,
shop, and toolrooms were sometimes seen, or were reported,
to act unsympathctically or unsupportively to maintenance’s.
necd for parts, components or tools. For instance urgent
parts shipments were observed 1o arrive, and mechanics or

their foremen were not notified of this by stores within the -

same shift. Communications breakdowns beracen those
chains were never, during the present study, seen to compro-
misc aircraft safety. ‘
To minimize that possibility, however, the industry must
continuetoinvest additional time, effort and moncy in cross-
functional communication and controls.

Separate reporting structurcs were usually found to create
struggles for power and authority among departments {¢.g.,
maintenance, supply, shops, and planning). Such conflicts
are resolved in a varicty of ways, but they usually result in one
department gaining a degree of control over the other., In
those cases where maintenance retains control over plan-
ning, the foremen and mechanics often express a sense of
wriumph, and planners ard coordinators fed some (usually
minor) distress at their perceived dedine in significance. -

Where planning is the more powerful department, the
planners were scen to act apprehensively (and often defen-
sively), and QC and maintenance foremen and their AMPs
feel confused and frustrated. In these cases, the planners and/
or coordinators controllad job cards (and thus job assign-

+

tages simultaneously for maintenance cffectivencss. Me-
chanic overtime and high use of temporary labor in several

sites were both observed to be effects of a lack of planning.

ment), and access to them by any others was strictly discour-

aged. In these several sites, high control of repair by planning
was scen todiminish the pride of ownership and competence
that mechanics, i inspectors, and their supcrvmm fdt. Plan-
ners describad their major function as “responsible for the
aircraft,” while maintenance was seen as merdly responsible
for completing repaiis. Associarad with mechanics feeling of
lower pride was lessened card/attention to work performed.
“Good cnough to be safe is all we can manage,” was heard
from several mechanics in the sites where planning con-
trolled waork assignment.

2.3.4.2 Differences in behavioral norms and work
performance

Norms are customnary behaviors; not necessarily based on
policy. Norms of work asignment, or of managing AMP
“absences and overtime ¢ have advantages and disadvan-

Mechanics in turn felt part of an “ad hoc” organization with
lide ability to forecast or plan for overtime. Occasionaily

foremen were observed not to notify their shift replacements

of AMPs who had called in sick — sometimes hours before.
The resulting lack of control of initial work planning for
maintenance foremen and scheduling supervisors caused
them confusion and frustration.

Many of the sites visited displayed éffects of expectations of
maintenance about srorcs. Typically, AMDs expected store-
keepers to be uncooperative, unfriendly, or slow; and main-
tenance supervisors expected stores to be often vut of stock,
and slow to reorder frequently used parts and supplics.
Whether by sclf-fulfilling prophesy, policy considerations,
or by structural arrangements, the materials functions were
often in a defensive posture in management mectings and at

the parts counter because parts and supphcs were not avail-
able when neoded.

2.3.5 Social System Analysis Results .

The social analysis involves the examination of the roles and
relationships within the whol : work process. “This activity
actually includes mapping both the persons who have work-
related interactions in the system and the reasons for that

contact. Because a comprehensive analysis of all positions -

would be t0o time consuming, the social analysis focuses
upon the role or roles mast involved in the control of key
variances, based on the assumption that every organization
cxists in order to meet the short-term goal of producing its
produat. This is the social system analysis, which maps the
cooperation and coordination undertaken between the focal
roles and others within and outside the work procass. The
focal rolcs identified in the heavy maintcnance operation arc
the mechanic, the planner, or thei mspcctqr.

Every orgarization exists in orderta meet the shore-term goal

(G of pmdUcmg its produa. However, in doing so it must

not adverscly i impact its capacity to survive as av organiza-
tion. To do so it must wdapt (A) to, and be protected from
short-term changes wnd pressures in its immadiate environ-
ment. It must abo combine or integrate (1) activities o
manage internal conflict and o promate smooth interac-
tions among, people. Finally, it must ensure the fong-term
(1) development of knowledge, skitls and motivation to cope
with goal-related, environmental and systems requirements
in the future. In the social analysis, the lettens G AL Lare
used 1o indicate what type of furctions are atfected in

" contacts among peogde. .

¢
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Many organizations have separate departments to perform
these functions. For example, industrial engineering, plan-
ning, personnel, and training departments can have the
formal respc asibilities for one or another of the four basic
functions. Typically this specialization acts o narrow and
limit the ability of other employees to act appropriately when
a response from them in thar function is required. The only
daar exception to this are training specialtics because the
expert trainer serves to enlarge the roles and response reper-
toires of individuals without complicaring lines of command
or the allocation of responsibility. Not surprisingly, perhaps,
a gond many of these functional behaviors are performed
through informal activities at the level of the focal role. Not
only are these behaviors inforal, they are often unrecog-
nized even though they may be more frcqucnt and more
influential in affecting performance than the existing formal
methods and policies. The task for the social analysis is to
better understand the ways that these necessary social system
functions actually get carried out, and to evaluate how
effective these methods are for satisfying the human and
technical requirements of the organization.

2.3.5.1 The Social System Grid

‘

The examination of the presence or absence of a fixed ser of -

Sunctional refationships in a social system is aided by charting
them in a way that combines béth the four functional
requirements (G, A, I, L), and che panticular relationships
(vertical and horizontal, inrernal, and cross boundary con-
tacts) dtscrbmg the work process. This .combination is
charted in 2 4 X 4 table or “grid” of social relations.

Table 2.1 shows an overall evaluation of information sum-
marized from interviews and observation classified by the
four essential social functions. Table 2. 1 presents cvaluations
of those typical contacts obsérved, and an approximation of
the refative frequency of those contacts.

Table 2.1, row *G,” reveals that communication about goal
atainment is frequent (many contacts were coded *G"), but
cffective only to some degree {about 20% of the tutal goal
attainment contacts were evaluated by the investigator as

Row A (Table 2.1) reveals that there is very little contact
among focal roles and other members of the maintenance
system about matters dealing with relevant outside environ-
ments. Some foremen mentioned that cooperation in bor-
rowing or lending spare partsis good between the maintenance
departments of different carriers.

The same pattern, found in Rew G, of frequent but less than
effective communication between mechanics or inspectors
and others in the maintenance system is rcpcucd for row “l
Those contacts affecting systerns integration (coded “I”
Table 2. 1) had a larger proportion of negative evaluations in
peer group and supervisory communications than did con-
tacts for goal artainment. Rows “G” and “I” in Table 2.1
provide evidence for the obscrvation that AMPs work with
strong support and guidance from foremen and other mem-
bers of the maintenance system, but their work relations with
co-workers in the same occupation is less developed. Me-
chanics do talk to one another about opportunities and
requirements for employment at other carriers, which if it
helps an AMP make a decision 1o resigr: ~ouid surcly be
considered “disintegrative” for the current employer.

Row L in Table 2.1 reflects a need for formal training

programs, a small management role in on-the: job training,
and alimited, though high impact role for AMPs in training
co-workers in their same occupation. Maost mechanics and
inspectors said they obtained OJT from scnio- employecs.
However, in some situations there may not be enough
cxperienced technicians to ensure that there is enough high-
quality OJT for the junior personncl.

2.3.5.2 Focal Role Network

The “facal role analysis” maps the work-related communica-
tion between dhic focal role(s) and othersin the work process.

‘The first figure that follows shows the gcncr".d role network

positive, while about 40% cach were evaluated either neutral

or negative in their contribution to maintenance perfor-
mance). '

Mecchanics and i inspectors play a central role in  accomplish-
ing the essential task or mission of maintenance. The results
in Tuble 2.1 indicate that these AMP play this centzal role
with conndc‘ablc guxdancc from their foremen, with some
cooperation from others in their work group, and much
direct contact (although some of it is negative in outcome)

with other employees in the maintenance system.

(displaying the common pattern) for all sites visited. Subse-
quent fi figures show specific differences in three different
situations revealed during the siie visits. ‘The networks cach
reflect a norm for the sample studied, and ifot necessarily any
aarrier in particular. The focal roles identified in the heavy
ove.naul maintenance systemt samplad in the present study
are the mechanics (both sheet metal and A&P), or the
pianncers or coordinarors, or the inspectors involved ina *C”
check equivalent on an aging aircraft. :

In all cases their Jeads, foremen, or supervisors are also
considered focal roles. In the role networks displayed here
(Figures 2.0, 2.1, 2.2,and 2.3), the shorter length of the lines
between roles reflects a higher frequency of communication
obscrved. Hac arrows indicatc unc-way of fwo-way commay-'
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nication obsersad. Diotlie arrows puinting in oppomc di-
rections (e.g., Figure 2.2) denote equally-frequent initiation
of essentially one-way communications.

The relationships depicted in Figure 2.0 (the common
patterr: of communication found in ail sites) are repeated in
the following ihiree figures, but in lighter contrast to enable
the reader 1o more reastily see the unique communications
depicted in each figure.

The Fige-res 2.1 and 2.2 dispiay two major communication
patterns observed during the present study, and Figure 2.3
dispiays one unique pattern (observed in only onesiteduring
this ‘study), for contrast. Figure'2.1 depicts the web of
frcqucnt contacts in several sites where the maintenance
dcpartmcnt (maintenance foremen and their managers} are
" in control of the AMP work assignment process. Figure 2.2
shows an alternate network of frequent communication in
sites where the planning department played a major role in
mechanic and inspector work assignment. Finally, Figure
- 2.3 displays the unusual case described earlier in which the
QC department controiled work assignment.

Figure 2.1 portrays a composite of typical communications
patterns in the sites where maintenance is in control of AMP
woik assignment. Figure 2.1 shows frequent contact be-
tween maintenance foremen, leads, and mechanics. In addi-
tion it shows close coordination between maintenance and
QC foremen. Finally, Figure 2.1 reveals a close (daily)
interaction among all executive managers responsible for
supporting the maintenance effort. '

This kind of communication pattern is particularly effective

in maintaining aging aircraft when there is a dear mainte-
** nanice mission that is supported from above, and when
foremen are in dose rouch with AMDs.

 Use of pre-shif't briefings. In one site visited, AMPs and
“ foremen were proud of their on-time and high quality “C”
check completions and this mission was supported by upper

plishment. Lead mechanics kept their foremen informed of
progress throughout the shift. Occasionally, t'.e leads or
planners would also tell foremen of AMPs whose perfor-
mance was below standard. Foremen acted to guide and
reward good performance, and to understand and correct
substandard performance. Maintenance foremen also kept
in close touch with QC fereman to discuss approval of
complex repairs. -

Less effective use of goals and ‘communication. Several -

_examples ofless effective maintenance systems were observed

during the visits. These were systems also typified by the
network in Figure 2.1, where maintenance was in control of
work assignment. In one of these less effective sites, a mission
for maintenance (beyond airworthy repair of aircraft) was
unknown to AMPs: litde urgency for timely work comple-
tion was observed, and management urged expense contain-

-ment.

In other less effective sitcs, disparate goals were set for the
various departments in the maintenance system. For repair,
overhaul turn-around times were set too high for a largely
inexperienced work force to meet without an unusual degree
of cooperation from materials department and the shops.
Materials departments and shops in turn were given goals to
contain costs, and thercfore could not respond to mainte-
nance demands by always having neoded parts in ready

inventory.

Inspection goals could also conflict with. maintenance as
illustrated by the number of rejected, “non-routines™ al-
lowed by QC management n:ported in scveral sites. Some
inspectors required engineering variance: authorizations
(EVAs) for reportedly minor deviations from structural

" repair manual (SRM) repairs. Where multiple and conflict-

- management. This site is the modd for the network shown *

in Figure 2.1. At this site the foremen hold a bricf meeting
‘with their AMPs at the beginning of each shift, in which a
focus on purpose is maintainad by describing status of the
aircraft in the hangar, the critical aspects for tinely comple-
tion of those mmﬁ and briefly explaining work assign-
ments. In this case, mechanics have usually already obtained
+ the job cards from the scheduling window, and immediately
following the meeting, they go on to 'the storcroom for
inaterial and tools.
“These shift foremen were trained in how to conduct meet-
m;;s In general the meetings kept AMPs informed of the

unit’s performance to goal, and of their own roie in the

ing goals and missions were set, and management continues
to press for them, time and/or cost performance would

_necessarily shp Besieged by conﬂxcnng demands foremen.

tended to ignore’ AMP training, or coordination between
shifts, ot forward planning for spare parts acquisition, almost
all of which alienated AMPs, and were reported as leading to

" lower cost and pcrform.ucc.to-nme results. The cyde, once

ovcrhagl. l'bcAM Ps in turn took pride in successful accom-"

established, apparently continues in these sites without reso- -

lution.

The cffectivenss of these sites could be hampcrod even
further if lead mechanics were (by labor contract) in strice
charge of work assignment of AMPs. Where this situation
was found, Figure 2.J'would have to have been redrawn to
show less frequent contact berween AMPs and foremen.
"This system resulted in generally less effective coordination
between shifts because forcmcn. not now in direct contact

3t
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with AMPs, would make the face-to-face transition between
shifis. In some cases also, high seniority AMPs would bid
into lead jobs without sufficient breadth of technical experi-
ence to always understand the work they were assigning to
AMPs and the results of which they were describing to

foremen.

There were other examples of how communication in an
inexperienced workforce created errors involving miscom-
munication. The combination of inexperienced mechanics
and long tenure foremen often caused the former to be
unassertive with the larter. These subordinates are reported

to seldom voice their uncertainty or their lack of experience.

when assigned to a job, except at sites where there are strong
sanctions against remaining quiet. There were also accounts

of new AMPs who did not report problems when they

occurred. Cases were reported of relatively inexperienced -

emplcyees being assigned to work beyond their abilities—
with ensuing repair errors. Those errors reported were dis-
covered and safety of flight was not compromised, but extra
expense and time were incurred and in some cases litle
positive was seen to be leamned by foreman or AMPs. In most
cases of serious errors or incorrect repairs, the AMPs involved
were said to have quit or were dismissed from the ﬁrms

shortly thereafter.

Figure22 portrays a composite picture of the communicat-
ion pathways in sites where the plmning department or
function doscl) controlled the work assignment and job
cards. In these cases, the planners and/or coordinaters kept
access 1o job cards stricdy controlled. Planners described
their major function as “responsible for the aircraft.” while

-maintenance and inspection were seen as merely responsible

for using the tools and undertaking assigned repairs. In these
sites, high control of repair by planining was seen todiminish
the pride of ownership and competence that mechanics,
inspectors, and their foremen felt.

The algorithm often used by planning, in the sites visited, to
set prioritics is based on length of time requited for repair;

~ with lirtle or no artention paid to the onmplcx interactions

among ‘a number of repairs (both “routine” and “non-
routine”) called for in the typical overhaul. Both mainte-
nance and inspection foremen in these sites claimed that the
planners lacked maintenance experience with repairs or with

aircraft to enable them to cffectively prioritize a seties of

complex repairs. This arrangement frustrated foremen and
caused them ta lose confidence in their own.abilities. This,
and lower pride was often associated by interviewees with
lower care/artention to work performed - and with slower
work, lower quality work, fewer “buy-backs™ by inspectors,
and more rework. For AMPs, the visible absence of control
their foremen had over the order in which work was per.
formed, and the ambiguity about what was to be done next,
was reported o lead to diminished job satisfaction.

Fx'gw;e 2.3 shows the communications patterns for one site
in which inspection took control of work planning at the
beginningof a raaintenance check. in this case theinspection
foreman closely controlled the overhaul planning by rewrit-
ing all routine job cards dealing with opening (and subse-

- quently closing) the aircraft for inspection as specific

non-routine orders to only open access areas. Separate non-

- routine orders were subsequently issued to close all access

. locations only after QC inspectors had scrutinized those

areas. For the Boeing 727 aircraft observed at the site during

the visit, over 400 extra non-routine orders were created for

this purpose. .

This unusual behavior presumably was based on'a mistrust of
the many inexperienced mechanics employed by this com-
pany to read and understand the routine cards as written.
Although that solution worked, and al! inspection locations
were checked by QC, the “cure” was almost as painful as the
“disease.” The resulting lack of control of initial work plan-
ning by maintenance foremen and by scheduling supervisors
created confusion and frustration. For instance, when parts
were received and the planners and maintenance foremen
were notified, they were 1nable to locate the associated job
card to begin work if that work (and card) was still under QC
control. These parts were often set aside until they could be
identified, and sometimes bacame lost or misplaced. Some-

- times, because job cards were “missing,” parts were not

ordered on time. Waiting for QC to schedule “dlosing-up,”
the aircraft sat with fuel tanks open and vulnerable control
joints and bearings exposed to airborne contaminants. Be-
cause of management pressure to complete the overhaul on
a timely basis, mechanic overtime and high use of temporary
labor were both among the unwauted “products” of this
system. Mechanics in turn felt part of an “ad hoc” ergariza-
tion with little ability to forecast or plan for overtime.

Summary of Role INawodrs,

" Oncof the major findings of the rolc network analysxs is that

man of the roles closest to one another on the network chart
(Figures 2.1, 2.2, and 2.3) are between people in different
occupational groups (except ‘or AMP and foremen or lead).
Thus the people in clase contct with each other are not only

 the foreman and the mechanic, but also the mechanic and
. the planner/coordinator, the mechanic and the inspector,

the mecha,.ic with other employees in stores, and the fore-
man with pmductxon control, the vatious support shups,
and engincering. Thesc are all examples of peoplc communi-
cating berween ﬁ.mcnona‘ silos.
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2.3.6

2.3.6.1

Three of the cnght sites visited exhibited htghcr levels of
commurnication than the rest. These three sites include thc

Table 2.1

Summary of Communicatrion Analysis
"G, A, I, L" Functions Against Four Types of Social Contacts
Airline Maintenance Personnel / Heavy Check Service

1. 2. 3. 4.
Contact Contact Contact Contact
Between Among Between Between
Supervisors Peers Groups in the Maintenanca
and in the Same Same Mainten.  § Systems and
Suborcinates | Work Groups | Systems the Qutsida
.G:'. ++4++ ++ +H++++
GOAL 0000000000 | 0000 0000000000 | +++
SRR - 000000000 000
ATTAINMENT e RS
+ +
A 0 000 000 00
ADAPTIONTO ||~ - -
ENVIRONMENT
x:- UV +4++4+4+ ++++4+ 4t
SYSTEM 0000000 00000 0000000
INTEGRATION ||7 7777717 T
.u- t )
LONG-TERM + + e
DEVELOPEMENT (| 9000 0000 000 0
Legend:

"+* = Communication as observed is helpful.or facilitative to the function or relationship
"0" = Communication as observed is nuetral to the function or relationship
“"-" = Communication as observed is helpful or facilitative to the function or relationship

Organization, Attitudes, and
Performance

Linkage between managemmt.pracﬁcm
and attitude

large carrier in which foremen conducted pre-shift meet-
ings; and the two smallest carriers where inspectors were
also the senior mechanics. Communication in these three

sites included a great deal of “technical” or goal-related
contact/communication within and between occup.m()n'd

groups and hierarchical levels, as well as expressions of

cmployee good-will and personal support for one another.
‘These communications were obscrved in froquent or regu-
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lar group meetings as well as in individual face-to-face
contacts. These three sites also evidenced the clear=t'main-
tenance and company missions. The large carrier among
these three reported consistently high levels of timely comple-

" tion of “C” checks. Finally managers, and AMPs in all three

of these sites expressed the greatest individual satisfaction
with their timely perfcrmance and/or high quality as was
expressed in any of the sites studied. - -

The other five sites varied in the amount of communication
and contact observed and reported. All of the five had less
frequent communication than the three sites already re-
ported. Among the fivessites, lower levels of communication
were associated with greater observed and reported conflict
between shifts and occupational groups. Whether past con-
flict reduced present contact, or if conflicts arose through
, misunderstandings caused by inadequate orincomplete com-
munication, is impossible to say with the data available — a
cornbination of both is most likely. Expressions of personal
satisfaction were lower among AMPs in these five sites.
AMPs were less likely to say they planned to stay with that
employer, and in a few sites mechanics and/or planners said
they were considering lmvmg aviation maintenance alto-

gether.

2.3.62 Quality Performance Information for
V heavy maintenance (“C” check)

“Hard numbers”™ were not available to AMPs ar most sites
visited, but the following indicators were often at the core of
their concerns and discussion with others about final results
— “getting safe aircraft out on time.”

1).

Maintenance.

Doing it right the first time. Indicated by the time

{and/or iterations) requxred to pcrform a repair that
will be approved by inspection; s includes rework of
complcted work rejected by inspection, as well s “false’
starts” caught by lead mechanics, foremen, engineers
or inspectors, and begun again during the repair pro-

Underestimated repair severity. Includes severe de-
fects identified a8 minor, of identified after initial
inspection, indicared by underestimated repair time of
adjusted eourdination of repair jobs to accommodate
for omissions or optimistic assessments of defects
identified carly. :

2)  Inspection. ,

Absence of Turnbacks. Involves the assessment of

severity of a defect such as corrosion or fuselage cracks

— less severe defects that were identified were indi-

cated by the presence of some number of non-routine

defect “turnbacks” to inspection by maintenance.

3) . Planning.
Dynamic but realistic schedules. Mcasured by the
ability to adjust the maintenance schedule and spare
parts ordering so that revised check completion dates
can be realistically met. This performance relies on
being able to account for complexinterrelations among
the individual repair jobs contained in the hcavy
check.

2.3.63 Linkages between Practices, Attitudes,
and Performance

Quality performance, as measurod above, was highest in the
threesites described earlier as having higher levels of commu-
nication. The high degree of “technical” or goal-refated
communication within and between occupational groups
and hierarchical levels in thesesites contributed to a focus on
timeliness of repair and/or quality.

In the two small sites of the three, scheduling changes were
performed by the foreman in consultation with lead me-
chanics, while in the larger site the maintenance foremen
stayed in ciose touch with planning and QC as work pro-
gressed and the schedules changed.

In association with the less frequent communication and
contact observed at the remaining five sites, AMPs displayed
and reported greater conflict between shifts and occupa-
tional groups. The five sites also displayed or reported lower
quality performance as measured above.

24  CONCLUSIONS

Among the accepted causes of work quality is the commiteed
amtude. thehigh level of knowledge, and the positive state of
mind of employecs performing that work. Converscly, nega-
tive artitudes, lack of knowledge, and disquicted mind relate
to poor quality and a reduction of safe conditions and
outcomes. This study obtained measures of the amount of ..
communication about the work and interpersonal support,
the levels of trust, and the degree of frustration or facilitation
of human necds. Important sources of evployecattitude and

© state of mind in aviation maintcnance were found. The

condlusions to follow are Jircaed at stressing these impor-
tant aspects. :
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ICATION: h is not an exaggeration to state that all
employees and managers of the heavy maintenance
systems visited it the course of the prusent study are

- dedicated to-safety of flight. To their credit, most

mechanics, inspectors, planners and their managers
want to beable to see the “big picture,” and 1o have real

ENJOYMENT OF WORK: It is also true that an over-

. RESPECT FOR COWORKERS AND MANAGERS: In

competence in complex detection and repair tech-.

nologies. Throughout the course-of this study, the

people observed were scrious about: their work, well

meaning, and bnght Theseare pcoplcwho wanttndo

<ir best for safety.

- whelming majority of mechanics truly enjoy mainte-
nance work and mechanical repair.

the main, AMPs also like and respect their co-workers

and managers. In the smaller, regional carriers in

particular, the rclationship between inspectors and
mechanics is mutually respectful and professionally
uscful for both parties. Thesc mechanics learn ad-
vanced repairs and detection from the more experi-
enced inspectors, and the lateer lcxm by and from the
teaching.
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Maintenance in Control of Work Assignment '

' PART'iClPATORY MANAGEMENT: Excellent and well

proven management practices, and resulting high per-
formance, were observed in the course of the present
study, but they were not the nomm. Pauticipatory
management in combination with high performance
organization, was observed consistently in just onésite,
and noted 10 a lesser extent in two others.

 In the one truly excellent site visited, shift foremen behaved

quitedifferentiy than in the other companies. These foremen

had been trained in, and encouraged to hold, daily work-

related meetings with theict AMPs. They met at least weekly |

with other foremen and their superior. In'addition, they were
responsible for the pursuit of a conscious and public mainte-
nance mission and for setting and achieving measurable
objectives. They were expected to provide work dircction,

encouragement for high AMP performance, as well as in-
sight and action when performance was poor.

Many of the other sites observed reflect a pattern of manage-
ient practices and results that roughly matches the Ameri-
<an national norm for completely standard practices:
functional organization, firm goals, traditional supervision,
" and sufficient controls to guarantee minimal required out-
comes. ‘These practices do not scem to measure up in the
current environments for motivating or developing employ-
ees; even as they may continue to turn out acceptable repairs.
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Planning in Control of Work Assigament
MISSION. ‘ ‘ ' - - written mission statement for their department
: ' ' or for their company. Nor di any report having
1.  Definition: An effective mission — published, dis- _seen or heard of any such formal statement. Asto
cussed, internalized and acted upon — is no mere their own understanding of their mission, two
slogan. It can be the driving force in ensuring '+ statements were typical. The “ﬁ“’l satement
worksystem excellence. It guides and unites the people was: “We all want safe aircraft.” In addicion,
of the nrganization in their pursuit of product “perfec- some AMPs 'fP°_'}°d ‘h“. ic C"mpm}' wants
tion,” and it thereby also helps to cement the link fast tumamuPd. Combiried — and with 2
between the organization and its customers. course of action specified — these two state-

ments ‘might serve as the nudeus for a truly

cffective mission, serving and uniting the inter-

) ‘ o osts of workers, managers, passengers, share-

2. Findings: : hoiders and cven regulators. Yet only in three of
& Mostsites had no explicit mission, for Mainte- the sites visited was such an integrative mission

. nance or the Company. None of the AMP; ‘ and action plan observed in print, speech or
+ . interviewed had participated in developing a practice. ' I

i
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Iaspection in Control of Work Asslgnment

Havmgtwo ‘sub-missions’ is not seen as realis-
tic. The AMPs observed in this study clearly
accepted the dual “mini-missions” of quality

repairs for aircraft safety, and speed of tum-

around as relevant. They know that both of

. theseaimsare irrportant. Butwhich way o lean?

Without a sense of success in achieving both, the
essential unity of these aims is replaced by feel-
ings of organizational confusion, psychological

-+ etress and interpersonal strain. Most of the time,

in many of the sites, the expectation that they
will £06) both sub. missions at the same time is

felt by the AMPs as clear unrealistic. -

Most choose ‘safety’ as their mission; in con-
flict with ‘speed.’ In response to their conflict-
ing-aims dilemma, the AMPs interviewed and

. observed favored ;_n_cg_ '(quality/accumcy) as

their cverydzy work priority. Under the normal
demands for fast turnaround, they did make
their best efforts to move the work along how-
ever, but not soquickly that flightsafety was put
at risk. And, of course, that is the right thing to
do. But doing the right thing lcaves many
AMPs in conflict-over the other right thing, It
makes their private choice in favor of safety of
flight fecl inconsistens, and it leaves them fecl-

ing at odds with their management’s nghtful

demands for sncedy turmaround. »
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Under pressure, the ‘mission’ reverts to ‘fixing

things.” When the workload went up, with

considerably more turnarounds and repairs ex-

pected, AMPs at several sites were observed to

wait passively for their work assignments to be

handed out by the supervisor. Their “mini-

mission” then could be seen as neither safety nor

speed Instead, their guiding rule was clwly to
“just fix things (safely), as assigned.”

As thework was assigned, the AMPs performed their allotted
tasks with all the care, skill and effort required. But theiraim
had dropped: from the safcty mission (with an awareness of
.the clock), to merely doing the immediate task at hand (with
flight safety still in mind, and the inescapably dlanging clock

considerably more in mind than usual).

CULTURE

The prevailing culture in heavy maintenance cohtains an
individualistic attitude among mechanics, combined with a
cooler passion for airplanes and flight among the newer
employees than was common with an earlier generation.

Increasingly, people are taking airline jobs at both the top
and the bottom levels for more prosaic reasons than a love of
airplanes. Employees today scem to be generally less willing
than their counterparts in the past to share responsibility by
working closely with others. The obligations an individual
A&P mechanic takes with the FAA license, and the personal
liability that entails, were rcportod to have the effcat of
making AMPs and their supervisors less cager to share work
across shifts, or with less experienced or less skilled col-
leagues. One result of this is slower turnaround- (incurning
delays when key employces are absent). Another result is a
considerable limitation of the opportunities for AMPs to
effectively exchange ideas ot information. Learning was
therefore hampered, too, and with it, skill development so
important to the quality of work performed.

AMP EXPERIENCE

Most huvy maintenance sites visited had AMPs with very
long service, very short service, and very few in the middle.

craft in formal classroom training conducted by their em-
ployers. For more specific details of airframc technical re-
pairs, new AMPs mainly learn on the job. :

Although many companies encourage AMPs to hold A&DP
licenses, there remain AMPs who do not, especially among

- the sheet metal mechanics. Sheetmetal mechanics who do

have an A&P license report they received little preparation
for this specialty at school. Few AMPs in the study felt well
prepared from cither school or subsequent training to under-
take complex structural repairs or use complex NDI equip--
ment. Such skill is developed on the job.

' CONTROL OF WORK ASSIGNMENT

A struggle for control over maintenance work was obscrved
between maintenance and planning in several sites. This
struggle is beginning to take on adifferent and more complex
dimension as computerized planning becomes more com-
mon. Where such a system is not very carcfully managed and
designed, it can become “control by computer,” with a
rigidity and singular focus that can act against the intentions

-of its sponsors and creators. .

242 MAJOR ORGANIZATIONAL
COMPONENTS Identified as a Result of

Technical System Analysis
Key Variance Control

Early key variance corrections have reduced costs and raised
morale. Not getting the needed cross-department coopera-
tion sometimes blocks the path.

Maintenance foremen in some sites could not-always obtain
the coordination and cooperation they needed from othcr'
departments in order to artend to “critical path repairs.”

Critical path items were those minimum critical repairs (in
particular kinds of flaws, defects, fatigue wear, and damage to

' the aircraft) which determined ihe course of the overhaul:

Thic “younger” AMPs (those with less experience) were often

specialists in the large sheet metal repairs or laborious inspec-
tions called out by recent airworthiness directives (ADs).
Many of the AMPs with less experience had less than
complete advance preparation for complex structural repairs
thus OJ T and formal training were necessary.

Most of the companics studied hire new mechanics and
- planners directly from A&P schools. These new employees
Jearn modcl-spcch‘ mform;mon about large passenger air-

These particular defects in aircraft condition were under-
stood as the “key variances” in overhaul. When key variances
weredctected early and repairad correctly the first time, long-
term maintenance costs were reportad to go down while
'maintenance morale fosc.

Somctimes these varianees were not detected dunng the
preliminary inspection, and occasionally theextent of fatigue

. damage (particularly corrosion) would not be revealed until

late in.the overhaul. Apparently this latter situation is, not
unusual. In many of the sites visited, the aircraft observed
had corrosion or (less frequently) ramp damage that required

more than the original estimated time to repair. This situa--
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tion mean: that there was a regular, but nasty “surprise” that
defeated efforts to complete the overhaul on time or within

budget.

243  MAJOR ORGANIZATIONAL
' COMPONENTS Identified as a Result

of Social System Analysis

Organizational and Group Teamwork

Individuals and groups at severdl sites did not always work
together effectively. Several factors appear to be contributing
to this less-than-ideal state of cooperation and coordination.

Interviewees listed difficulties with work organization, guid-
ance, and training in the face of an increasing work load
along with the increzsing complexity .of repair for aging
aircraft. AMDPs at several sites reported that they were too
often unable to obtain paits in a timely mannrer. This
contributed to ar ‘ineven.work flow complicating work
coordination and creating additional frustrations for me-
charics and supervisors. Fairly frequent and sometimes even
heared discussions with others about the correctness of

repairs, when no prior standard seemed to exist, was also.

reported as disconcerting to everyone involved. In summary,
despite the best efforts of all concerned, a truly effective level
of teamwork was not the norm at several of the maintenance
work systems stucied.

* In some cases, more experienced mechanics questioned the
motives and performance of younger mechanics. In these
sites, mechanics and inspectors on a given shift did not

approve of work performed on a preceding shift and/or

would not cust their o wn work to the oncoming shift.

Although there appeared to be some mlsundcrstandmg and
negative feding berween mechanics and inspectors, the main
feeling was one of mutual respect for the separate roles and 2
civilized agreement to disagree. Mechanics in some sites said
that they did whatever work the inspectors required. Fore-
men and mechanics in other sites said that inspectors were
inconsistent, and this causced them to over-process and
unnccessarily t‘cplaoc parts. Shect metal foremen in many
s:cs felt that the inexperience of new inspectors was 1 major
issue. Inspectors said that there were occasional issues be-
‘tween themselves and the mechanics over the interpretation
of standards in the structural rcpmr manual (SRM). Inspec-

tors in many sites reported requiring more engineering’

variance authorizations (EVAs) before approving non-SRM

repairs. Inspectors in some sites said that the quality of the-

mcchzmc work needed to be xmprovod

The production control or planning group was often identi-
fied by respondents in the sample (including planners and
‘coordinators themselves) as the least salient, most overstaffad
unit. They reported having (and were reported to have) less
training and less well-defined standards than they would
need to best contribute to an effective hangar maintenance
system. When the p'annmg group obtained, or was granted,
control over work assignment, the results on productivity
and hangar morale were usually described in negative terms.

Internal Maintenance System Boundaries

Existing organizational boundaries are not appropriately
drawn in several sites. Their current boundaries tend to
create separate organizations within the same system, en-
courage finger-nointing, and promote more politics than
productivity. The necessity to cross these boundaries (for
example between materials and maintenance or between
shops and maintenance) has built-in difficulties in negotiat-
ing demands in support of the systems requirements. When
these separate departments have conflicting goals, and di-
verging or incompletc understanding of the maintenance
and company m’ - “on, these difficulties would occasionally
escalate near the limits of the system’s ability to cope.

In a number of the sites visited, both management and
AMPs reported that morale was lower than it had been in the
past, and that ahsence and tumcver among AMPs was
increasing. Respondents said turnover caused by poor mo-
rale was in part the outcome of frustration over work
coordination, concerns about being asked to do more than
can be done, and lack of cooperation and communication
among scparate departments.

Despite all this, mechanics and inspectors said they liked
aircraft maintenance work and most of them expected to
remain in the industry. Many, however, were not surc if they
would stay with their present employer. Planners, on the

_other hand, said they were less likely to stay in maintenance

atall. They reported that their jobs were less challenging and,
as a group, felt they were held in low esteem by other AMP

groups.

28 RECOMMENDATIONS

2.S.l Gmddma for Management

Bascd on the nsults of the general overview produced by this
study, it is important to strengthen the rdatmnshlp between
AMP technology, coordmatwn and coopct:mon, and per-
formance.
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The goal of this first set of recommendations is to create
guidelines which draw conclusions about the effective use of
the human factor — in patterns of communication for
effectively getting work done, together with sarisfying the
AMP work force; and to use these findings tocreate guidance
to maintenance managers and supervisors for improvement
of such communication in the maintenance function. It is
recommended, therefore, to develop management guide-
lines for improving communication in maintenance work.
In particular, the guidstines should emphasize communica-
tion styles and techniques useful in applying new or known
cffective AMP rechnologics.

Outlines and draft guidclines should be field tested with
maintenance managers for feedback of those outline materi-
als. From this feedback the guidelines for effective commu-

nications within maintenance organizations would be

developed.

Guidclines as created should be consistent with the develop-
ment of maintenance teamwork trammg derived from cnck-

pit resource management (CRM) cxpcncnce in theindustry.

Further, the guidclines should be written in a style and
format for use by. maintenance management personncl.

1) Dcliveran outline forcommunication guidelines which
a}  specifies:

AMP artitudes abourt the local organization.
Maintenance management style.

Maintenance organization purpose, long-term
objectives, and short range goals.

Maintenance organizational structure.

Job design for applying the technology.
Patterns of coordination and communication in
applying the technology.

Success in attaining goals and ob;ecuvs in pur-
suit of purpose.

Describes the outline topics in terms of case
study and observations already collected in AMP
studies described in this report.

b)

2)
industry and obtain feedback of topics and concept.
Dcliver an interim report describing the results of
analyscs of data collocted received during feedback and
field tests. The deliverable at this interim stage will
provide further claboration of the outline topics based
on ficld test of the previous case studies and observa-

tions and added illustrative material obtained during
the field tests.

3)  Deliverafinal and desailed report of the Communica-
tion Guidelines for effective communications within
maintenance organizations. The Guidelines shall be

‘written for maintenance management personnel.

2.5.2 Industry Validation of the Findings from
_the Present Study

The present study, as described, was intended to provide a
rapia ‘'diagnostic picture of current U.S. experience. The
study necessarily focussed on a narrow slice of aircraft main-
tenance, it employed informal measures of collecting data,
and it was produced from a small sample rather than from
the comprehensive population of companics comprising the
industry. , ,

The second major recommendation suggests more formal
and comprehensive measurement by and for the commercial
aviation maintenance industry itself. For a permanent and
definitive record of the industry it would be valuable to
quantify and expand the presentstudy through the develop-

. ment of a formal survey questionnai.e, designed and admin-

Present this outline to maintenance managers in the

istered by the industry itself. Forsuch a questionnaire alarger
and representative sample of companies and their employees
and managers nationwide would be drawn, and the arca of
interest would be extended from heavy maintenance of
fuselage to all hcavy maintenance activitics in all arcas of the
aircraft, and to inaintenance ar the flighe line as well. The
data collected should also include the experience of working
with newer aircraft.

Specific steps to quantify and expand the present study:

Develop a formal survey questionnaire from the find-
ings reported here. Extend the arez of interest from
heavy maintenance of fusclage alone, to ar least all
heavy maintenance activitics in all arcas and systems of
theaircraft. - .
Specify questions the answers to which can be quanti- -
fied into scaler values.

Obtain response and advice about the questionnaire
items from both management and labor. representa-
tives of the commiercial aviation maintenance indus-

ty.

Prerest the resulting survey instrument with a repre-
sentative sample of airline maintenance employcss,
and correct or change items as required. Promote the
support and coopcmxon of(hc mdustry s leaders for
the survey.
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PSS

Encourage company manugements, local union repre-
sentatives, and relevant professional societies to sup-

port the survey.

Draw a large and rcprc.scnmivcisamplc of companies

and their employees and managers nationwide for an -

initial administration of the survey.
Make the preliminary results available to the sponsor-
ing parties for aid in interpretation of findings.

Publish and distribute the final report within one year
of the survey. . .

Develop and conduct a series of industry-wide meet-
ings to discuss the results of the survey and plan
changes to be made on the basis of those discussions.
253  Undertake Changes in Maintenance
Organization and Management
[his study may, in itself, provide sufficient validation of the
tate of maintenance safety efforts to prompt some managers

.nd executives to take action based on its findings. The third
et of recommendations therefore indudes the following.

ncrease the workforce competence. Increase and improve

n the job (OJT) training by using experienced AMPs or

(ualified trainers who have themselves been trained in ap-
woaches to effective learning. Improve and expand com-
nany sheet metal and composites training for inspectors as
vell as inechanics. In addition to better OJ T, new intelligent
utoring systems should ' .nd themselves to efficiency in this
ecurrent training. Expand and emphasize teamwork train-
ng. Extending the effective training methods and curricula
f cockpit resource management to maintenance managers,
oremen, and AMPs is suggested.

‘mphasize and support maintenance system centrality in

For example. ifan AMP closss out the current job card close
to the end of the work day, why should the use of personncl
time clocks also be required? Dedicated workforce atten-
dance and timekeeping for personnel systems is neither
required by labor law, nor is it the only cffective way to
acquire such data. AMPs are inconvenienced ar the time
docks by waiting a second time each end of shift for the
convenience of personnel departinents. Time clocks may
not be in keeping with values which announce trust in
employees and respect for their abilitics.

Another eample of the logic of human values relates to
policies and practices of employee furlough, or lay-ofls. The
value statement that claims employees are 2 most prized
resource is difficult for AMPs to reconcile with past lay-offs.
Of course a management cannot guarantee lifclong employ-
ment, but such value statements invite the creation of a
logical and visible set of steps to be taken by a company
before any employee is laid off. Consistency in values and
practice and an open attitude to communication with em-
ployecs creates greater commitment to the company.

Create and endorse teamwork in the maintenance system.
Eliminate or modify the boundaries between the various
function specialtics in the maintenance system. This would

indude planning, shops, and certain pants of engineering and-

materials groups. Even inspection can be designad to en-

hance cooperation with maintenance while continuing to

_comply with FARs for a separate QC depariment which

reports, independently, to top management. '

Reduce the emphasis on the individual contributor as the
basic work unit in aviation mzintenance, in favor of grearer
teamwork among AMPs. Consider erihanced company role

" in 4o initio AMP orientation training. Surcly the current
~experiments with aircarrier operated A&P schools will prove

ompany purpose. Each company should concentrate on -

eveloping a clear company mission st~rement, and help the
1aintenance system enunciate-its role in it. Maintenance
aission for cach company should likewise be developed, for
thich clear<ut goals and objectives can be created and
ursued. All maintenance personriel should be able to de-
sribe their role in achievement of these objectives and how
1ese fit with company purpose.

devdop commitmenno human values which reflects the
esired practices of managementand employees, and which
nhances the logic of those practices. Each company and
1aintenance system should have a statement of values about
cople, including (at least): employces, managers, sharchold-
13, contract personnel, competitors, passengers, and the
avelling public. These values should be able to link with
1anagement practices, and the rationale for them.

effective in lmpanmg up-to-date technical knowledge and
skills. .

Promote excellence in management performance. Encour-
age foremen to hold daily mectings with their AMPs. En-
courage maintenance managers to hold at least weekly with
the‘r foremen. Emphasize management and foreman re-

sponsibility for the pursuit of a conscious and public main-

tenance mission and for sctting and achieving measurable

.objectives. Expect foremen to provide work direction, and

encouragement for high AMP pcrﬂ)rm:mcc. as well as in-
sight and action when performance is below par. Involve
AMPs in decision. making and problem solving about mat-
ters that affect them at work. Ensure that communication

throaghout this management system is two way.
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254  Communication Guidelines

The first year of this research was focused on identification
and observation of communication practices in maintenance
organizations. During 1991 a handbook will be developed to
provide practical advice to improve suchk communication
practices.
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Chapter Three
The Maintenance Technidan in Inspection

3.1 INTRODUCTION

The problem of improving the reliability of aircraft in-
spection and maintenance is multi-faceted, so that this-
chapter oniy -details onc part of the Federal Aviation
Administration and Galaxy Scientific Corporation ap-
proach tosolutions. Justification in terms of fleet age, and
maintenance philosophy is presented elsewhere in the

NAARP and ihis report.
The objectives of this task can be stated as:

This aspect of the NAARP Human Factors plan is to
determine typical humai: system mismatches to guide
both future research and short-term human factorsimple-

. mentation by system participants. Also, by providing a

human factors analysis of aircraft inspection, it is intended

" to make human factors techniques more widely available

to maintenance organizations, and to make aircraft main-

tenance more accessible to human factors practitioners. |,

To mect thase objectives, the context of aging aircraft
inspection is important to show the rlationship of this
task to improved airworthiness and public safety. If an
aircraft is to be properly mainuined, the maintenance
system must either be error-free or error tolerant. Cracks
and corrosion in the metal structure of commercial aircraft
are a fact of life; there will always be defects present.
Correction of defects demands detection of defects, and
this is one area where systems improvements should be
looked for. The system for defeat detection consists of a
human inspector aided by various machines. Humans
and machines are both fallible, so that ways are needed to
make these system components less error-prone, and the
system more crror tolerant. The detection/repair strategy
used throughout the world is to specify a maintenance
intcrval such that if thedefect is too small todetect on one

" check, it will be both large cnough to detect and small

enough to be safe on the subsequent check. However,
failurctodetect 2 crack orcorrosion which wasin fact large
ennugh to be detected docs not give the same level of
assurance that it will not cause a probicm before the next

check. o .

The zircraft inspection system is a complex one, taking’
place at'sites ranging from large intemational aarriers,
through regional and commutcr airlines, to the fixed-base
operators associated with general aviation.  Inspection,
like maintenancein general, is regulated by the FAA in the
U.S.A and cquivalent bodis in other countrics. How-
cver, enforcement can only be of following procedures

(e.g. hours of training and record-keeping to show that
tasks have been completed), notof theeffectiveness of each
inspector. Inspection is also a complex socio-technical
system (Taylor, 1990), and as such, can be expected 10
exertstresseson theinspectors and on otherorganizational
players (Drury, 1985).

Just as effective inspection is scen as a necessary prerequi-
site to maintenance for safety, so human inspector reliabil-
iry is fundamental to effective inspection. The inspection
system will be described briefly to provide a background
forthei inspection Task Analysts which follows. Datawas
collected from six sites in the United States, two each for

three major national/intcrnational carriers. (In addition,

some obscrvations were made at the maintenance sites of
two European ~arriers, but nodetailed Task Analysis dara
was oollected at cithersite.) Ma;or carriers were chosen to
reduce the variability of inspection systems observed, with
the aim of collecting usable data within a limited time
frame. Regional and commuter airlines, and aircraft
repair stations will be added dunng the second year of the

project.
32 THEINSPECTION SYS'I’EM

Aircraft for commercial use have their maintenance and
inspection procedures scheduled initially by a team in-
cduding the Federal Aviation Administration, the aircraft
manufacturerand start-up operators. Theseschedules are
then taken by the aarrierand modified, in a process which
must meet legal approvals, to suit the carrier’s require-
ments. For example, an item with an inspection interval
of 5,000 hours may be brought forward to a 4,000 hour

check 5o that it can be performed during a time when the.

sircraftisundergoing other planned maintenance. Within
the carrier’s schedule will be checks at many diflerent
intervals, from flight line checks «nd overnight checks,

. through A, B and C-checks (often in themsclves subdi-

vided, 8, ClL C-2,..) tothe “haaviest” level or Dcheck. .

This project has concentrated on G- and D-chocks be-
cause these are the times at which most detailed structural
inspection of airframe components is undertaken—-the
focus of the Narional Agmg Aircraft Research Program
(NAARP). -

As an aircraft is schoduled for 2 havy theek, all of the
required inspection and maintenance items are i,vncm(cd
by a Planning Group within the carricr's maintenance
organization. ltems induded schaduled known repairs

{c.g., replace an item afer a certain airtime, number of -
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cycles or calendar time), repair of items discovered previ-
ously (e.g., from pilot/crew reports, flight line inspections,
items deferred from previous checks), and scheduled
inspections. The inspections are expected to lead to
sepairs in certain cases, ie. if a defect is found by the
inspection system.  With the aging fleet, it is of some
interest that scheduled repairs now account for perhaps

- 30% of all repairs, rather than the 60-80% seen iu earlier
years, due to the finding of more age-related structural
defects in the aircraft.

Because sucha large part of the maintenance workload on
a particular check is discovered during inspection, it
remaias an unknown to the Planning Group. Mainte-
narice technicians (AMTs) caninot be scheduled until the
workload is known, and replacement pants cannot be
ordered until they are discovered to be required. For these
reasans, it is imperative that the incoming inspection be
comglsted assoon as possibleafter theaircraftarmives atthe
maintenance site. This aspect of the organization of the
inspection/maintenance system gives rise to certain pecu-
iiarities of ergonomic importance.

As it is imperative that all defects requiring repair be

discovered as quickly as possible, there is a very heavy
inspection workload at thestart of each check. Tokeepthe
numbser of inspectors within bounds despite this sudden
workload requirement, most airlines use considerable
overtime during “check-in” of an aircraft. Thus, if there
are ten inspectors regularly working each shift, double
shifts can give effectively twenty inspectors for a short
time. Henee, for the first, perhaps, six shifts after.check-
in, inspectors expect considerable overtime, leading of
. course to prolongc‘d hours of 'mspcction work. Also, asan
aireraft typically arr*= after sarvice (e.g., 2200 to 2359)
much of the incoming inspection is on night shift. An-
other factor predisposing towards night chift inspection
work is Non-Destructive Inspection (NDI, or NDT for

testing) involving hazardous materials such as X-ray or

gamma-ray sources. For safety reasons, such NDIwork is
typically paformed during work breaks on night shift
when a minimum numbser of people need to be inconve-
niencedto >prevent radiation exposure. Note tharanytime

spent at C1¢ maintenance sice berween about 2300 and
0700 will not generally incur a loss of revenue as curfews
prevent landings and take-offs' berween thcsc hours at
many U.S. airports.

Before each inspection can be performed, thereare certain
activities neccssary for correct access. The aircruft may
need to be dleaned inside and out (e.g,, cargo hold below
galleys and toilets), paint may nee 1to be removed (e.g. on
fuselage crown for NDI of lap-joint areas), parts of the

aircraft may need to be removed (e.g., scats and cabin -

interiors for internal inspection of stringers or flaps and

slats to inspect their tracks), or aceess pancls may need to
be opened (e.g., panels in vertical stabilizer for access to
control wires and control acuation mechanisms).  As
inspection is performed, each defect found leads 10 a
report being filed. This, variously called a Non-Routine
Repair (N RR) repor, or a Squawk, is added to the work
pack of repairs required before the aircraft can completeits
check. This NRR in itself gencrates the new warkeards
necessary for its completion, often viathe Planning Group -
or Production Control. It may also generate the need for
additional inspections, for example, toensure that certain
nuts arc torqued correctly during installation, or that a
skin patch (“scab™ has been comrealy added. These
subsequent inspections are called “Buy-Back” inspections
inthe U.S. Typically, as a check progresscs, theinspection
workload both decreases due to completion of incoming
inspection, and changes in nature dueto agreater prepon-
derance of buy—backs Also, the rhythm of the work can
change, as incoming inspection starts out with relatively
few intcn‘uptions, but interruptionsincrease in frequency
as AMTs aall in inspectors to pcrforn buy-backs of
completed repairs. :

33  MFTHODOLOGY

With the objective being to locate human/system mis-
matches which could lead 1o ervor, thebasic methodology
had to be one of direct observation of, and interviews with,

system participants. Althoughan undcrstandmghzdtobc
developed of how the system should work, the major
emphasis was on how the system doeswork. Theaimwas
not to evaluate the observed systems against published,
legal standards, but to dctermine how the system func-
tioned. Promulgation and change of regulations is only
one way of enhancing system pcrform:mcc Insystemsas
large and complex us aircraft inspection it is natural to
expect a variety of ways to accomplish multiple (often
conflicting) objectives within an existing legal framework.

~ Alldatawas collected anonymously mcnh:mcc'xts vahdxty

. Two points should be noted:

1. All system participants were open and honest
with members of the Task Analysis tcam. Every
‘person we met was highly motivatad, and hon-
ost, as well as genuindy conceined to improve
system effectivencss.

2. Ifthe team’s task had been to measure compli-
ance with existing regulations, it would have
used an cntircly diffcmt mcxhodolog.

-E rror-pronc human/systcm mismatches occur where task
d¢mands exceed humian capab:ﬁt.a. The necessary com-
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parison is made through the formal procedure of Task
Description and Task Analysis (Drury, et.al., 1987). Task
Description is the enumeration of necessary task steps, at
alevel of detail suitable for the subsequent analysis. Task
Analysis uses data and models of human performance to
cvaluate the demands from each task step against the
capabilities of eachhumansubsystem required for comple-
tion of that step. Examplesof subsystemsare sensing (e.g.,
vision, kinesthesis), information processing (c.g. percep-
tion, memory, cognition), and output (e.g. motor control,
force production, posture maintenance). Thus, the sys-

tem functions and tasks must be observed, and analyzed,

through the filter of human factors knowledge, if more

than superficial recommendations are to be made. There
were two good starting points for this endeavor:

1. Existing human factors theory and case studies
of inspection in manufacturing industry (Harris
and Chaney, 1969; Drury and Fox, 1975;
Drury, 1984).

2. Ex:stmg investigations of human capabilities in
aircraft inspection (e.g. Lock and Strutr, 1985).

Although general Task Analysis systems are widely avail-

able (e.g. Drury, et.al., 1987), it is advantageous to usc a
system directly relating to inspection. Much human
factors research in industrial inspection (quality control)
has produced the following four major task steps for any
inspection job:

1.  Present item to inspector.

2.‘ Search for flaws (indications).
3.  Dexide on rejection/acceprance of cach flaw.
4. Take appropriate action.

Not all steps are required for all inspections. Thus, some
processes require no search (e.g. judgement of the colot

match for painted surfaces), while others require no
decision (e.g. noting the complete absence of a rivet head
onalapsplice). In the aircraft inspection context, a rather

‘ longer Task Dacnpnon is required, expanding the “Present
' item to inspector” task to indlude both setup of task/

equipment, and access to the correct point on a lasge and
complex aircraft.. Table 3.1 shows a seven-task generic
Task Description, with examples from. each of the two
main types of inspections: Visual Inspection (V1) and
Non-Destruative Inspection. Visual Inspection is still the
dominant mode, at least 90% of the total workload. NDI

indudes eddy current, ultrasonic, X-ray and gamma-ray’

inspections to render cracks visible, as well as augmented
visual inspection, such as dye-penctration testing and

borescope use. Note that in both cases the Task Descrip- |

tion unit is the workcard, or worksheet, and that the task -
is scen as continuing until a repair is completed and passed
as airworthy. The workcard is the unit of work assigned
10 a particular inspector on onc physical assignment, and
can have a work content varying from one to eight hours,
or perhapslonger. Typically, aworkcard is expected to be
completcd by an inspector within a shift, although ar-
rangemenis can be made for continuation across shifts.
Because theworkeard was taken as the unit of analysis, and
given that aworkeard can contain many inspection icems,
thecount of workcards observed during the Task Analysis
in fact includes a great quantity and variety of inspection
tasks. As an example, the C-check workeard for detailed

.inspection of the empennage can indlude checks for

broken or worn external parts (friction tabs), checks of
each of several hundred rivets for integrity, checks for
bumps, dents, buckling or otherdamage toskiri, checks of
freedom of movement of flight surfaces (elevators, rudder,
time taps, scrvo tabs), checks of wear/play in actwaung

cables or bushings, and checks for cracks or corrosion in
internal structures.

From the Lock and Strutr (1985) report had come some .
detailed Task Descnpnons of one particular inspection
task (empennage inspéction on B-707), and the Task
Descriprion/Task Analysis methodology used here was
tested to ensure that it would cover such descriptions.

The methodology employed was to perform site visits to

. obtain detailed Task Descriptions. On a typical site visit,

interviews with system participants at all levels helped to
collectdata on thestructure and functioning of the system
(e.g. organization, training) as well as collecting data on
rareeventssuch assystem errors. Direct observationswere
pcrformed by having human factors analysts work withan
inspector during completion of a workcird. They fol-

" lowed the inspector, asking probe questions when neces-

sary, and taking photographs to illustrate points such as

~lighting, field of view, access problems or appearance of

discovered defects. Task Descriptions were then tran-
scribed onto standard working forms (Figure 3.7), witha'
new page for each of the five steps in the generic task
analysis. At a later time, knowledge of human factors
models of inspection (e.g. Druty, 1984) and of the
functioningofincdividual human subsystems (Sinclairand
Drury, 1979) was used to list subsystcms required (A, S,

"P,D,M,C,F,Pin I-':gun&l) and anypotcnua) human/

system mismatches under Observations in Figure 3.1, 10
complete the Task Analysis. '

In addition to this work, other NAARP activities were
undertaken, induding CAA/FAA liaison, STPG Human
Facrors in Aircraft Maintenance contributions, and deliv- -
ery of papers at FAA/NAARP meetings (sccAppmdxx A).
All contributed to systcm understanding.
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TASK DESCRIPTION  VISUAL EXAMPLE

NDI EXAMPLE

1. Initiate Gert workcard, read and understand area Get workcard and eddy current
to be covered equipment, calibrate.

2. Access Locate area on aucraft. get into correct Locate area on aircraft, position self
position. and equipment.

3. Search Move eyes across area systematically. Move probe over each rivet head.

Stop if any indication. Stop if any indication.
[ 4. Decision Making Examine indication against remembered Re-probe while closely watching
standards, e.g. for dishing or corrosion. eddy current trace.
5. Respond Mark defect, write up repair sheet or if Mark defect, write up repair sheet,
no defect, return to search. " or if no defect, retum to search.
6. Repair - Drill out and replace rivet. Drill out rivet, NDT on rivet hole,'

drill out for oversize rivet.

7. Buyback Inspect

Visually inspect marked area.

Visually inspect marked area.

Table 3.1 Generic Task Description of Incommg Inspecuon with examples from visual and
NDI i mspecnon

3.4  RESULTS AND DISCUSSION

Thebasicsystem descrintion has already been presented in

the Introduction, so that only examples of Task Analyses

will be given here. The total numbers of workcards for
which Task Analyses were performed are shown in Table
3.2, dassified by aircraft general area or zone.

No statistical sampling method was used to choose these

- particular tasks, rather theaim was to schedule visits when

heavy i inspection was taking place and follow one or more
inspectors during the observation period. Interviews with
inspectors helped to ensure thar all aspects of inspection
were covered. The sircraft types involved were Boeing
727,737, and 747 types, and McDonnell Douglas DC-
9 and DC-10s. Some engine inspections were observed
where they contributed techniques of interest, e.g.
borescope or X-ray film mdmg (Figure 3.1). With NDI
tasks, the area of concentration was the strictly inspection
activities, e.g. film reading, while the extensive safery

- procedures required to clear the area for film exposure

“were not recorded. Again, theaim was to discover sources

of inspection error rather than aspects of system safety.
Figures3.2and 3.3show the Task Analysis documents for

a VI and a NDI procedure, respectively. It would be .

pointess to provide over thirty such analyses, as they are
the equivalent of raw data in an observational study such
as this. Rather, it was necessary to devise a methodology

" eachofthetasksteps given

for integrating the findings, particulary the observations,
which would lead towards discovering human/systcm
mismatches.

However, it became apparent that the observations listed
were those which occurred to the analysts during system
observation and subsequentanalysis. Amorecomprechen-
sive way was required for detecting mismatches. It was
decided to use a schema for classifying errors which was
initially developed toaid the STPG process,and which has
been further developed asjpart of the second year of the
GSC/NAARP endeavor. | This consisted of expanding
thegeneric Task Description
(Table 3.1) into its logically-necessary substeps, and for
cach substep to list all of{the failure modes, similar in
concept to those of Failure Modes and Effects Analysis
(FMEA), for example mer, 1985. The current list is
shown as Table 3.3.

This list formed the basis for dlassifying each observation
by how it could cause a fajlure of the inspection system.

Whaz was found, when thete were counted, was that many
of them involved factors which would tend to increase the
probabllxtyof crrors, ratherthan strictly leading toan error
in a single step. Table 3.4shows how these observations
were classified.
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The Maintenance Technician in Inspection

3.4.1 Potential Human/System Mismatches

The most obvious way was to form a data base of all of
. these observations, so that they could be counted and
listed in various ways. Such a data base was indeed
constructed using the R.FFLEX package, and is available
upon request.
Note the large numbers of postural and other (mainly
environmental) implications for Access, and the high
numberscfcognitiveimplications for Initiate, Search, and
Decision. For Access, the implications mainly concern
the physical difficulties of reaching and viewing the in-
spection site. Inadequate work platforms, limited space
inside aircraft structures, the awkward postures required
to hold a mirror and a flashlight for visual access, and the
often non-optimal levels of glare, temperature/humidiry,

and ambient noise all contribute. For Initiate. the major
difficulticsarewith thecontentand layout of the workeards,
aalibration standards forthe NDI equipment, NDl equip-
ment human/machine interface inadequaciss, and coor-
dination of inspection activitics with other aspects of
maintenance. Scarch implications were largely visual (for
sensing) due to inadequate lighting at the workpoint, but
also induded omissions of specific feedforward and direc-
tive information on the workeard, and lack of memory
aids for Search. For Decision, the major difficulties were
in obtammg and applying standards at the i mspccuon
poirt for each defect found.

While it provides evidence for opportunities for error,
Table 3.4 naturally misses some of the ergonomic detail

required if Human Factors expentise is to contribute to

improved inspection. However, itdoesserve toemphasize

HUMAN SUBSYSTEM

7. BUY-BACK o o0 2

TASK A s P D M F _Ps O
1. INITIATE. 1 4 39 12 38 ‘0 12 0 6
2. ACCESS o 11 4 o 3 o o 32 27
3. SEARCH .10 45 47 36 31 3 1 8 1
4. DECISION 0 86 105 118 79 0 0 0o . 0
5. RESPOND o s 0 0 5 0 0 6 S
(6. REPAIR) U

2 2 .0 0 0 0

Table 3.4 'Number of Instances of Huraan Factors Implications From Task Analysis
(Note: A single task step may generate more than one humar factors implication.)

that not all errors lead to failure to detect a defoct. Three

types of errors are possible in an inspection system (e.g '

Drury, 1984).

1. Typelerror a non-dcfca xsdasslfed s adefect
" and unnoccssary rcpaus arc thus undertaken.

2. Type 2 error: a dcfoct is not recorded, so that
necessary repairs arc not undertaken.

3. Declays: the inspection process is delayad or
interrupted, leading to Iongcr mspccnon/ rcp:ur
periods.

Although only Type 2 errors have a direct impact upon
aitworthiness, the other two errors can have an indirect
cffe.t, both by frustrating the inspector, and by directing
resources away from the critical tasks. [t necds to be
pointed out that Type 2 errors can occur in mulnplc ways.

Indeed, a Type 2 error will only not occur if all of the steps
inthe Task Descriptions are carried out correctly. Thar is,
the correct initial actions must be undertaken, the correct
arca aceossad, the search must locare the indication, the

_ correctdecision that theindication is indoxd adefect must

be made, the correct response of writing 11p and marking
thedcfect must occur, repair must be carried out correctly,
and the buy-back decision must be correct. For Type 2
crrors, the inspection'repair system is 4 parallsl system,
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which naturally increases the probability of a Type 2 error.
If P, through P2, represent the probabilities of correct
performance at each of the seven stagrs in the presence of
a defect, then the probability of Type 2 errors is:

m e,

For Type 1 errors and delays, errot recovery is possible at
cach step, so that the onlv way in which an error can be
made is if all steps are pert: ‘ned incorrecdly. Thus, the
probability of a type 1 error delay is:

7
o= I

i=1

(1-P,)

where P! is the probability of correct performance of each
stepin the absence of adefect. Clearly, no marter how rare
Type2 errorsare, decreasing them further means improv-
ing the reliability of each'step in the inspection process.

Against these three possible errors, the role of human
factors is to change the human/machine system so as to
reduce theerror incidence, that is to make thesystem more
reliable. Theseare only two possibleinterventions: chang-
ing the system to fit the human inspector, or changing the
human inspector to fit the system. The former has long
been the province of ergonomic/human factors, with
* interface design receiving a prominent place. The larter,
primarily selection, placement and training, has also been
a concern of human factors engineers, but-other disci-
plines (such as industrial psychology and educational
psychology) have contributed. A more reasonable view
.than the advocacy of either as an alternative is to consider
both as complementary aspects of achieving enhanced
human/system fit. This fit is necessary both to ensure
‘performance and to reduce the stresses on the human due
to mismatchss (Drury, 1989). Human stresses can, in
turn, effscthuman performanceininspectiontasks (Drury,
1986). Thus, the goal of the human factors effort in
NAARP can be restated as choosing the optimum inter-
vention s.rategy (changing the system or the human) to
minimize human/system mismatches at each task step, so
" that the icidence of error is reduced.

3.4.2 Choice of Intervention Strategies

- Am3,or review of the field of human factors in inspection
* ([ury, 1990b) condludes that the practical potential for
irprovement due to sclection and placement of inspec- -
wirs is low, but that training and system redesign are
narticularly effective. With this in mind, Table 3.5 was
produced part way through the current project, showing

potential interaction strategics for improving inspection
performance. As can be seen, only the first five steps of the
inspection task are included, and potential improvements
rather than specific prescriptions are given. There is,
however, enough detail to compile lists of human factors

_interactions which can proceed rapidly based on existing

human factors knowledge, andthosc interaction strategics

" which require more research before detailed prescriptive

advice can be given. It should be noted that even in the
absence of direct human factors advice, many system
improvements have been, and will continuc to be, imple-
mented by inspection organizations. Improvement is a
continuous process in an industry with a long record of
innovation, so that it should not be surprising that there
are few improvements which canbeimplemented with no
additional effort. For example, there is an urgent need
(recogmzed both in this study and the (Lock and Strutt
study) for improved portable task lighting. However,
without at least a short study, it will not be possible to give
the make and model number of the best flashlight cur-
rently on the market. Some interventions can be imme-
diate, for example replacing workcards which are entirely
written in capital letters with ones using both upper case
and lower case fonts. Still other interventions require
major studies, for example dcs:gmng an integrated infor-
mation environment for the inspector.

Key areas requiring intervention arethoselisted in Section
3.4.1and in Table 3.5. Itis possible to use the human
factors knowledge of inspection processes to help generate
and dassify interventions. For example, Drury, Prabhu

and Gramopadhye (1990) used earier knowledge of -
search and. dccision-making (Drury, 1984) to list the
following interventions aimed at system (mthcr than
human) changes:

1. Increasing visual lobe size in search-lighting,
contrast, target enhancement, optical aids, falsc
colors on video.

Improvingsearch stmcéy bricfing/fcedforward,
' asds 10 encourage systcmanc scarch.

3. Enhancing fault dlscnmmabnhty-smndards arthe
workplace, rapid feedback.

4. Mainuaining correct criterion-recognition of pres-
sures on inspection decisions, organization sup-
port system, feedback.

"The list can be extended to include redesign of the system

for better access and lmproved inspectability (Drury, -
19%c).
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STRATEGY
TASK STEP _ :CHANGING INSPECTOR CHANGING SYSTEM
nitiate - Training in NDI calibration - E:cligﬂgtn ofjobcards
A ini - Calibration of NDI equipm
(procedures training) - Feedforward of expecied flaws
‘ - Training in area lacation - Better support stands
Access - (knowledge and recognmon training) - Better area location system
- Location for NDI equipment
" Training in visual search - Task lighting
Search (cueing, progressive-part) - Optical aids
' - Improved ND{ templates
icion - - Decision training (cuein - Standards at the work poing
Dec:;non : feedlback unc;e?st(andmg of "~ Pattern recogniticn.job aids
: standards) - improved feedback to inspection
. - Training writing skills - Improved fault markin
Acticn raining writing s . Ha‘r)lds-free fault recording
Table 3.5 Potential Stratagies for Improving Inspection .
3.43  Short-Term Intervent... : that aircrafe

From all of these’ ways of generating and classifying
interventions, the following can be listed as short-term
interventions to overcome stated mismarches. Note tha-
the two major issucs of the information environment and
training design are given more complete treatments later,
taken from (Drury 1990a) and Drury and Gramopadhye
(1990), respectively.

343.1 Initate

3.4.3.L1 Dés'ign of Worksheets

Even within this rclanvely homogencous sample of major |
aircarriers, therewas considerablevariability in Workeards,

or Job Cards. Many were now computer-printed, reduc-

ing carlier problems of copy legibility, but some were

gencrated by compurer systems lacking graphics capabili-

' ties. For these, the graphics necessary for locarion and -~

inspection were attached from othet soutces, often with
imperfect matching of nomenclature for parts and defects
between workcard and secondary source material. These

additional cards were oftens from microfiche, which has .

poor copy quality and a shiny surface, making reading on

the job difficult. Other cards were all in capitals, aknown
violation of human factors principles. Still others did not,
aall out particular faults using the latest information on

type. There wére differences in level and
depth between different workcard systems, and rone
attempted to provide layered information, so that those
familiar with a particular inspection could use more of 2
checklist, while back-up information would be available
to those who had not performed that particular inspection
recently. Some systems did, however, have an integrated
“Inspector’sClipboard™ which had a place for theworkcard,
Non-Routine Repair cards and other necessary papet-
work, in a package convenient for carrying at theworksite.

Short-term interventions for workcards thus indude:

1. Changing the format and font to improve ease
of use and legibilicy. °

2 Ensunng that visual marerial is incorporated
into the workcard. -

3. Consistent naming of parts, dnrenmns, defects,
and indications  between all documents used

* byi mspcaors.
4. Multi-level workcard systems, usable by inspec-

tors with different levels of immediate familiar-

. ity with the workshect content.
5. A berter physical integration between the
workcard and the inspector’s other documents
and tools neaded at the worksite,

AN
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3.4.3.1.2 NDI Equipment Calibration

The calibration procedures used for NDI equipment
involve a human/machine interface on the equipment,
one or more calibration standards, and a knowledgeable
inspector. Potential mismatches were seen in all three
areas. The foliowing are reccommended in theshort term:

1. Berter labelling and control of all calibration stan-
dards, as is common in manufacturing industry.
An inspector must know which standard is being
used and be assured thar the standard is still valid.
Procedures are available for standards control: most
(but not all) inspection systems in the sample ap-
peared to follow them. '

2. Improved human/NDI instrument interface de-
signs standard texts on human factors (e.g, Salvendy,
1987) have considerable information on interface
design to reduce error: this information needs to be
used. As NDI equipment incorporates more com-
puter functions, the data on human-computer in-
teraction (e.g. Helander, 1988) becomes crucial to
design. Any design improvements in the human
interface will also benefit the Search and Decision
tasks.

3. Design the NDI imerface for multiple levels of
- inspector familiarity. In many organizations, NDI

is not a full-time job, so that many inspectors have
considerable time periods between repetitions of a

particular NDI procedure. They obviously require |

adifferent level of guidance from the interface than
inspectors who perform the samie calibration each
day. Multiple levels of user need to be considered,
as at present there is a marked tendengy for the
inspector to rely on knowledge of other i inspectors
to perform the calibration.

3.4.3.2 Access
3.4.3.2.1 Provide better support stands

Custom-madestands for each area of each aircraft typeare
expensive and difficult to srore when not in use, but they

do provide a security for the inspector, and optimum

accessibility for each task. In large facilities dedicated toa
homogeneous flect, such stands are almost always pro-
vided, but thereare exceptions. Cherrypickersarcused for
some surfaces, despité their, control difficultics (poor
control/display relationships) and their unstcady working

platforms. Scaffolding and stairs are used (at times) which
wouId not be allowad. by safety departments in most
manufactunng industries. Wuhout adequate support

stands, access is Jcopardrwd and pressurcs arc phcod on
the inspector to minimize theti timespentinspecting. Both
can directly cause inspection errors. For cach worksheer,
there should be an optimally-designed support stand
specified and available.

3.4.3.2.2 Better area location system

Much time is wasted, and occasionally errors are caused,
because the inspector cannot positively locate parts of the
area to be inspected. Some task cards have no diagrams,
and rely onwritten instructions: othershavedisgramsthat
can mislead the inspector when searching for thearcato be
insg xted. The inspector needs dear instructions to reach
the area, and dlear confirmation that the correct area has
indeed been reached. Thesecan beprovided simply in the
worksheets, but for aircraft which are always preciscly
located in the maintenance hangar, more claborate elec-
tronic or optical location systems are possible.

3.43.2.3 Better locations for NDI equipment

When the inspector nceds 10 use NDI equipment, there
is often no convenient plaoc to put the equipment during
the i inspection process. ‘The inspector must frequently
place the equipment (with its associated display) out of
convenient sight lines. This makes it particularly difficult
to perform the inspection and simultancously read the
display: errors are to be expected in such situations.
Design of stands (Seetron 3.4.3.2. 1 above) should include

+ provision for location of NDI equipment as part of the

workstand.

3.4.3.3 Search

3.433.1 Improved lighting

The factors affecting the conspicuity of a defect are defect
size, defect/background contrast, and lighting intensity.
The larter two are functions of the lighting and can be
improved without changing the aircraft design. Defect/
background contrast is a function of the angles between
the inspector’s cve, the defecr, and any light sources. In
general, an adequate level of dliumination needs to be
provided at the inspection point, with levels of 5001000
lux being typiczily reccommended. However, the distribu-

tion of the light is at least as important as its intensity. For

- example, glare drastically reduces visual pcrform:mcc and

can be caused by any objects or areas in the visual ficld
highcr in luminance than thearea immediately surround- |
ing the defect. Thus, open hangar doors, roof lights, ot
even reflections off the worksheet can cause glare. Of
particular concern is that in inspecting partially-hidden




areas (e.g. inside door panels), the lighting used to illumi-
natethedefect may causeglare from surrounding surfaces.
Carefully designed combinations of general area lighting,

portable area task lighting, and localized spotlighting necd
to be produced. At least as an interim measure, the
flashlights used by inspectors need to be standardized
within an organization, and training is needed in how to

use the flashlight correctly.
3.4.3.3.2 Optica! enhancement

Any device which increases the conspicuity of the defect
can be classified as an optical enhancement. Thus, dye
penctrant and magnetic particular inspection techniques
fall under this heading, However, itis now possible to use
the control'inherent in video cameras and monitors to
enhance luminance contrast, and to optimize color con-
trast. \With a computer berween the camera and the
monitor, itshould beroutip ' nossiblein the future touse
false colors in the image }  nted to the inspector to
increase defect conspicuity. Borescopes with video moni-
tors are currently available - - begin this process, but
researchwill beneededtoopt  7esuch systems fordefect
detection.

3.4.3.3.3 Improved NDI templates

With NDI techniques such as Eddy Current or Ultrason-
ics inspecticn, location of a probe on the inspected surface
is critical. At present, some use is made of what would be
termed jigs or fixtures in manufacturing industry to aid
this accurate positioning process. An exampleis the use of
circular hole templates 1o guide the Eddy Current probe
ground, the heads of rivets in lap splice inspection. With
such a device, the need for the inspector to perform an

. accurate control task at the same time as attending to the

display is- removed, with an artendant reduction in the
opportunity for error. Note that the template should not
require a second hand 1o kecp itin place, as the i inspector
may not be able to maintain balance or reset the equip-

ment if both hands are occupied.
3.4.3.4 Decdision

3.43.4.1 Standards af the work point |

It has been known for many years that if comparison
standards are available ar the work point, more accurate
inspection will result. Yetip many cascs suchistandards are
not available to the aircraft i inspector. If the maximum
allowable depth of a wear imark is given as 0.010 inches,
there is neither a convenient way to measure this, nor a

readily available standard for comparison.  Other ex-

. f
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amples arc play in bearings and cable runs, arcas of
corrosion, or looseness of rivets. All are considered to be
“judgement calls” by the inspector, but simic job aids,
perhaps as part of the workshect, or standard inspection

tools, would remove a source of uncertainty. Leaving |

standards tounaided human memory may be expeditious,
but it is also unreliable.

3.43.4.2 Pattem—recogmnon ;ob aids

Wherever a oomplex pattern must be recognized by the
inspector, such as in the appearance of corrosion on a
painted surface, or the shape of an oscilloscope trace in
NDI, it is possible to provide job aids which will increase
the inspector’s ability to discriminate a true defect from
visual noise. For visual inspection, these job aids can be
simply an extension of  Cection 3.4.3.4. {standards at the
work point. Visually-presented standards were found to
bevery effective in the notoriously difficult task of judging
solder joints in electronic assembly (Chaney and “Tecl,
1969). For NDI equipment, some pattern-recognition
capability is now being incorporated into the software, but
more can be done. More flexibility is required, the
interface with the user should be improved, and the
allocation of final decision between human and machine

should be made more flexible.
3.4.3.5 Respond -

3.4.3.5.1 Improvéd defect indicating system

Even as simple a task as marking the aircraft to show the
point of repair needs to be improved. Methods observed
have incdluded “chinagraph” pencils in various colors, soft
pens, and stick-on paper tags. Marking systems can be
difficult to remove completely when the repair is com-
pleted, leading to unsightly marks which can impair the

. confidence of the travelling public. Tags can also be left

on theaircraft, orleave behind a residue which impairs the

" finish. Onesitehad moved to a marker system so pale that

it was difficult for the repair personnel to see. The
requ:rcmcnts fora marking system are relatively simple to
write: awholly satisfactory system now needs to be devised
to meet these requirements so that an error-free commu-
nication from the inspector to the rcpaxr pcrsonncl can
result.

3.4.3. S 2 Hand.s-free defect recording

When thc inspector discovers a defect, both hands are
typically occupied, and the Non-routine repairs (NRR)
forms may nut be close enough to use. The inspector will
often “remember” one ot nore defects until there is a
convenient time to record them. This is a potcnn.ﬂly
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error-prone procedure. Not all of the data on the NRR
form nexds to be recorded at this time (e.g. inspector and
aircraft identifications, date), but some temporary infor-
mation storage is required to aid human memory. Some
inspectors do record each defect as it is found, accepting
the inconvenience of leaving and re-accessing the inspec-
tion point as a necessary step. However, there is no
guarantee that search will resume at the correct point
-following recording. Others use miniature tape recorders

to provide a voice-input information storage. The re- .

corder (c.g. dictation machine) is often taped 10 the
flashlight, or dlipped to the inspector’sclothing. Tapesare
transcribed later onto NRR forms. Although errors of
transcription are possible, the system appears towork well.

. Improvements would be voice-actuated recorders built

into headsets for true hands-free recording, and training in
astandardized procedure for what 1 record. A review of
all such systems is needed to determine how best to meet
operational requirements.

3.4.3.5.3 Prevention of “serial responding”

In somesystems, the inspectors will record a minimum of
information at the inspection site (see Section 3.4.3.5.2
above), and complete the data recording as part of the
“paperwork” at a later time. “This may involve filling in all
of the “constant” parts of the NRR forms (e.g. aircraft 1D),

3.4.3.7 Buy-Back Inspection

3.43.7.1 Iategrated inspect/repair/buy-back
system

Final disposition of a defect depends critically upon the
communication between the original inspector, the re-
pairing technician(s), and the buy-back inspector. In
most current systems it is entirely possible for different
inspectors to be involved In the initial inspection, in
consultation at critical points in repair, and in final buy-
back. The only communications between these inspec-
tors are those between the initial inspector and the repair
technician, i.e., the NRR form and any markings on the
aircraft. Because of this, there are opportunitics for error
ateach interaction in the process. Hence, these two forms
of communication need to be highly error-resistant, or
lines of verbal communication between the: participants
need to be opened. In other countries’ systems, e.g.
United Kingdom, one inspector remains with the repair
team throughoutall stages, thus reducing these problems.
However, the potential for multiple independent assess-
ment is lost with such a system. The solution to this

_ integration problem is not simple, but many steps to

and signing/stamping each task step on the worksheet. -

There is a tendency to wait until all paperwork is com-
pleted before signing/stamping the whole sequence of
tasks. Such “serial responding” can lead to inadvertent
signing-ofi on a task step which was not, in fact, com-
pleted. Whilesuch errors are presumably rare, the written
record is the only permanent recording of ‘inspection/
repair information, and is relied upon by regulatory
bodies. There are Quality Assurance checks of the paper

record against the condition of the aircraft, butonlyona

- sampling basis; and only if the indication is visible, i.c. a
fepair or very obvious defect. While it is difficult to
provide a perfect procedure to prevent “serial response” it
should be noted as a possible error mode and improved
systems investigated.

3.4.3.6 Repair

: (Repair was not considered as part of this study.)

improve participant communication can be taken. Ex-
amples are communication training, standard practices
forwritingand markmg, and even theuse of voice or video
1o supplement written commumc:mons

3.44 Long-Term Interventions

While many of the short-term interventions listed in
Section 3.4.2 have some long-term implications, four
major areas are recommended for more detailed study:

3.4.4.1 Error dmtrol

Inorderto control errorsin theaircraft inspection process,

it is necessary to be able to define these errors accurately

‘and unambiguously. With properly defined errors, they

. can be identified, recorded, collected and analyzed, as the

first step towards control. Systems safety emphasizessuch
crror identification and control for all complex systems,
including civil aireraft. There is a need to apply thesame
tcchmqucs to the human/machine system of aviation
inspection, the necessary first step in any program of

" ‘maintenance to ensure safety of the travelling pubiic.

A first step has been taken towards a classification system

. for inspection (and to a lesser extent, repair) ertors in the
. errortaxonomy presented hereas Table 3.3. Forcachsub-

task, thelogically-possible errorsare listed to forman crror

[
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taxonomy. Each erroris unique, but the same effects may
be caused by several different errors. Thus, a fault may be
missed because of failure to calibrate equipment, failure to

reach the correct inspection point, faiiure to examine the

area and so on. This concept needs to be refined and |

expandad if it is to form the basis for an error control
system. Forexample, in Table 3.3, Visual Inspection (V1)
and Non-Destructive Inspection (NDI) are covered by
the same task and error taxonomy. This has meant
expanding some of the concepts;, such as the visual lobe in
V1, to cover other NDI situations. In this way, separate
error taxonomies are not required for VI and NDJ,
although in practice it may be casier to produce separate
but related taxonomies, and merge the data from each at
the analysis stage.

Asecond expansion isalso needed. Errorsin Table 3. 3arc
classified by their immediate causes (e.g. “1 6 1 Correct
Equipment not available”). However, this docs not lead
to more distant czuses. Why was correct equipment not
available? Was it poor scheduling or was the equipment
being repaired? For more obviously human functions,
such as “1.5 Inspector understands instructions”, the
failure modes (errors) need further classification as to why
instructions were not understood, misinterpreted, or not
acted upon. Were the instructions illegible, was the
illumination poor, was confusing language used, etc.? A
matrix rather than the long list of Table 3.3 is even:ually
required if we are to proceed from the necessary first step
of counting errors to the ultimate goal of selecting inter-
ventions to control or eliminate these errors.

3.4.4.2 Integrated Information Environment

While many of the intcrventions listed under Section
3.4.3were concerned with aspectsof the information flow

system, there is an urgent need to devise information
systems which arc integrated rather than piecemea!. This
section, based on Drury (1990a), is aimed at integration.
A unified view of the inspection process as a closed-loop
control systern will be used to introduce some of the
relevantinspection/information literature, and todemon-
strate inspection nceds at cach step in the inspection task.

Anysysteminvolvinga human is rypicall- closed loop (e.g.
Sheridan and Ferrell, 1977). Obvious examples are in
flying an aircraft or driving a car, but the concept applies
equally to inspection tasks. As shown in Figure 3.4, the
hurnan in the task receives some instruction, or command
input to use systems terminology. The operator and any
associated machinery transform this command inputinto
a system output. To ensure stable performance, the
system output is fed back to the inpuz side of the system,

- whereitis compared against the command input. Ifthere

between the inspectorand the rest of the inspection/repair *

'

is any d:ffcrence (command minus output) the system
responds to reduce this difference to zero. A closed-loop
model of the inspector (Figure 3.4) can be applicd to the
generic task description of inspection (Table 3.1) tolocate -
and evaluate the sources of input (command) and output

(feedback) information.
3.4.4.2.1 Information in Inspection

While it is not obvious from Figure 3.4, the command -
input may be complex, and include both what needs to be
accomplished and help in the accomplishment; i.e. direc-
tiveand feedforward information. Forexample,aworkcard
may contain “detailed inspection of upper lap joint™ ina
specifird arca (directive) and “check particularly for corro-
siont between stations 2800 and 2840” (feedforward).
Thus, there are really three potential parts to the informa-
tion environment: directive information, feedforward
information and feedback information.. All are known to

COMMAND M

"SYSTEMNM: ;
HUMAN » MACHINE B}

Figure 3.4 Closed-Loop Control
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have a large effect on manufac*urmg inspection perfor-
mance. .

Directive Information involves the presentation of infor-
mation in a form suitable for the human, the basis of good
human factors. An exampie from inspection is the work
of Chaney and Teel (1967) who used simplified machin-
ery drawings as an aid to inspectors. These drawings, of
machined mezal pans, were optimized for inspection
rather than manufacture, with-dimensions and tolerances
in the correct placement and format, and with similar
characteristics grouped together to encourage systematic
inspection. Comparedtoacontrolgroupwiththcorig;nal
drawings, inspectors using the optimized drawings found
42% more true errors in a test-batch.

Feedforward Informationcan consist of two parts: telling
the inspector what defects are expected and providing the
probability of the defects. Becauise there are typically a
large number of potential defects, any information made
availabletothe inspectoris valuablein focussing the search
subtask in particular. Many investigators (c.g. Gallwey
and Drury, 1985) have found that looking for more than
one type of defect simuitan=ously can degrade detection
performance, so that focussing on likely defects can be
expected to result in morederections. Druryand Shechan
(1969) gave fecdforward information on fault type to six
inspectors of steel hooks. Missed defects were reduced
from 17% to 7.5%, while false alarms were simulta-
neously reduced from 5.5% to0 1.5%. Information to the
inspectors on the probabilities of adefect being present has
not led to such clear-cut results {e.g. Embrey, 1975), and
indeed a recent experiment (McKernan, 1989) showed
wat probability information was only uscful to inspectors

for the most difficult-to-detect defects.

Feedback Information has had consistent posicive results
in all ficlds of human performance (e.g. Smith and Smith,
1987), provided it is given- in a timely and appropriate
manner. Wicner (1975) has reviewed feedback in training
for inspection and vigilance, and found it universally
beneficial. Outside of the training context, feedback of
results has had a powerful effect on the inspector’s ability
to detect defects.  Embry’s laboratory studies {1975)
showed a large effect, but so did Gillies (1975) in a study
in the glass industry where missed defects were reduced

With the backgr()und of the Lf'fccu»cm:m i mrcvipulating
the information environment, cachtask in inspectico will
be consideréd in wurn.

Task 1: Inidate Hcere, the command information
predominatcs. The workeard gives the location type of
inspection tobe pcrformcd and attimes also feedforward
information of use in the Search and Decision ph:Lsc\.
Typically, howeves, this information is emhedded in a
mass of other necessary, but not immediately useful,
information. Often the information contains artached
pages, for example with diagrams of parts to be inspected.
Whilelaser printers making a new copy foreach workcard
have helped diagram qualicy, inspectors still find some
difficultics in interpreting this information. Supplemen-
tal (feedforward) information is available in manufactur-
ersmanuals, FAA communications, andcompany memos/
messages, but these sources are typically not used at
in- ectiontime. Thiscan placeaburden ontheinspector's:
memory, suggesting an integrated system is appropriate.

Feedback from the initiate task is obvious In many cases
because it comes from Task 2 - Access. An exception is
feedback for NDI calibration, which must be provided
during the calibration process or therewill be no assurance

that Search and Decision can be performed correctly.

Task 2: Access In order to access an arca of an aircraft the

_ areamust first he opened and cleaned, neither of which are

under the control of the inspector. “Thus, scheduling
information required for access is the assurance that the
arcais ready to inspect. Work scheduling systems typicaily
assure this, but wrong information docs get to the inspec-

~ torattimes, giving time loss and frustration. Itisat Access

20% when feedback was implemented. Drury and

Addison (1973), another -glass industry study lasting
almost a year showed a reduction in missed defects from
15% to 8.8% after rapid feedback was introduced. More
recently, Micalizzi and Goldberg (1989) have shown that
feedback improved the disciminability of defects in atask.
requiring judgment of defect severity.

that confusions in location from Task 1 should become
apparent. Improved information systems for locating an.
arca on an aircraft unequivocally are needed, and need to
beintegrated with other informationsystem components.

Itshould be noted that feedback on access can be given in
any system by incorporating uniquelandmarks so that the
inspector can be assured that thc correct area has been

reached.

Task 3: Search. Itisin the tasks of Scarch and Decision-
making that information has thelargest potential impact.
In visual scarch the inspector must dosely examinc each

-area foralist of potential faults. Which arcas ase scarched

is a marter of prior information—cither from training,
experience or the workcard. “The relative effort expendad
in each area is similarly a matter of both directive and
feedforward information. If the ara of main cffort is
reduced, the i inspector will be able to give more thomugh
coverage in the imeavailable. Aninformation systemaan
be used to overcome the prior biasss of training and
experience, if indeed these by e~ nced o be overridden in
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a particular instance. The fauk list which the i inspector
uses to define the targets of search comes from the same
three sources. This fault list must be realistic, and consis-
tent. In many industrial inspection tasks, developing a
consistent list and definition of fault names to be used by
all involved is a major contribution to improving inspec-
tion perfermance (e.g. Drury and Sinclair, 1983). Faults
often go by different names 10 inspection personnel,

marufacturers, and writers of worksheets, causing mis-
directed search and subsequent errors in decision and
responding. Probabilities of thedifferenttargets ordefects
are rarely presented. Again, system integration can help.

Feedback of search success only comes from Task 4 -
Decision Making, and only then if an indication was
tound. Ifthe indication was missed, then feedback awaits
the next inspection or audit of that area, presumably

before the fault affects safe operation. Note that if an

indication is found, feedback is immediate, but if missed,
feedback is much delayed. Delayed feedback is often no
better than no feedback.

Task 4: Decision Making. The irformation rcquir'cd 10
make a correct decision on an indication isir the for:n of
astandard against which tocompare the indication. Such
standards at the working point can be extremely effective,
for example McKennel (1958) found that they reduced
the average error of a trained inspector to 64% of its
ma.gmtudc without such standards. The need for these
comparison standards has been noted earlier (Section
3.4.3.4.,butthe recommendation hereistoincorporate
such a standard within a unified system.

Feedback to the inspector in the Decision Making task is
not rapid or obvious, Ifan inspector marks a defect (and
writes it up), it will be repaired and go to a buy-back
. inspection. CL.'rrcutly (Section 3.4.3.5.3), because of
+ scheduling constraints and shiftwork, it will rarely be the

same inspector who gets to re-inspect that repair. Thus,

an opportunity for feedback is being missed. In addition,
some rcpmnwdldsxmythedcfectwuhout confirmingit,
e.g. drilling an oversize hole to take a larger rivet when

[Eddy Currentinspection has indicated asmall crack in the,

skin by that river..
Task 5: Response: The physical response made by the

inspector represents the output information from the
inspector to the system. It is as much a part of the
irformation environment as input and feedback. As
noted earlier (Section 3. 43.5.2, rccordmgcurrcmly placcs

amemoty load on the i inspector, of means that interrup-

tions occur in the inspection job. Other i interruptions
come from scheduling (e.g. an extra inspector is requirad
on another job), from unscheduled events such as more
deaning being required before an inspector can complete

the inspector to buy-back any repairs which have been
completed.

Feedback as a resulr of the Response is rare. Only a small
sample of work is audited, and any feedback from this is
typically negative rather than positive. If a defeet is
reported, then feedback to the inspector who reported it
can bearmanged. However if the inspector does not report
the defect (either scarch failure or a wrong decision) only
an audit or subsequent inspection will give feedback.

For many defoct types, a defect mayonly be an indication,
not required to be reported, and Fence not reported.
Unfortunately, the fact that the inspector found it is then
lost forever, as the chance of the same inspector being
assigned to the same part of the same aircraft on subse-
quent checks is small. Caprure of some of these indica-
tions may be a way to provide more detailed feedforward
for subscquent inspections and once more, an integrated
system will be required.

Task 6: Repasr. From the inspector’s poirt of view,
information is flowing outward at this task, i.c. to the
repair technician. Potential difficultics of the recording
and marking system for other participants have alrcady
been rioted (Scction 3.4.3.7.1)..

Task 7: Buy-Back. Both command and feedforward
information to the buy-back inspector come from the
NRR form and any markings in theaircraft. Feedback to
thebuy-back inspector is, lite thatto the original inspector
in Task S only, from audit or subsequent inspection.

In all of the above tasks, information needs can be scen,
and be scen to be mer less than perfealy by current
systems. Although Section 3.4.3 provides suggestions for
specific improvements, the opportunity needs to be taken
to devise more integrated solutions. The coming of
powerful, but portable, computers with networkingcapa-
bilitics, can aid this systems integration. Already prototype

- systems exist for aiding fault diagnosis in aircraft systems
(Johnson, 1990), so that the practicality of aiding the
airframe inspector is real. The challenge is to understand
what informatior needsto be given, and captured, by such
‘asystem, and to understand how information technology
can be applicd to fault detection rather than fault dmgno-

sis.

Rescarchisneed xd to pmvndc more detail ofhow muchof _
cach type of information (command, feedforward, feed-
back) needs to be providad for optimum inspection
performance in eachi task step. In parallel, the technology
of intormation capture, interface design and hardware
tunauoning needs more rescarch to make it applicable 1o
the spexific needs of aircraft inspection.

aworkcard, and from malmcnznccopcrzxommcrrup(mg o
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Chapter Three

3.4.4.3 Training Desigp and Implementation

An obvious intervention in improving inspection perfor-
mance is to call for improvements in training, As will be
shown, training has a powerful effect on inspection perfor-
mance, even when applied to experienced personnel.
Also, a basic Task Description of inspection, the first step
in any training scheme design, is available { Table 3. 7).
From this task description, it is scen that both manual/
procedural tasks (Initiare, Access, Respond) and cognitive
tasks (Search, Decisinn) are represented. While training
for procedural tasks is relatively straightforward (e.g.
Johnsen, 1981), most of the opportunities for error occur
in the cognitive aspects of inspection (Drury, 1984).

The current state of aircraft inspection training is that
much emphasisis placed on both procedural aspects of the
task (e.g how to set up for an X-ray inspection: of an
aileron), and on diagnnsis of the causes of problems from
symptosns (e.g. trouble shooting an elevator control cir-
cuit). However, theinspectors we have studied in ourtask
analysis work have been less weil-trained in the cognitive
aspects of visual inspection itself. How do you search an
array of ri*~ ts—by columns, by row., by blecks? Hew do
you judge whether corrosion is severe enough to be

reportéd?

Most inspectors receive their training in these cognitive
aspects on the job, by working with an cxperienced
inspector. * This is highly realistic, but uncontrolled.
Experiencein traininginspectorsin manufacturing indus-
try (Kleiner, 1983) has shown that a2 more controlled
tzaining environment produces better inspectors. Iftrain-
ing is entirely on-the-job, then two of the main determi-
nants of the rraining program, what the trair.ce sces and
what feadback is given, are amatter of chance, i.c. of which
particular defects are present in the particular aircraft
inspected. Thereisalargedifferencebetween training and
practice. Figure 3.5 (Parker and Perry, 1982) shows how
the effective discriminability of a target changed between
two periods of practice, compared with periods beforeand
after training, There was a highly significant improve-
ment with training but not with practice. The challenge
is to apoly what is known about human learning of .
cngnitive tasks so as to maximize the effectiveness of
training for the aviation inspector.

A basic principle of training is to determine whether the
actiyity is indeed trainable.  Studies of visual search
(Parkes, 1967; Bloomficld, 1975) have shown that both
speed and accuracy improve with controlled practice.
Embrey (1979) has shown that for decision-making,
discriminability can be trained. Thus, both cognitive
factors (Scarch, Decision) can be trained.

Discriminability
-4 S Training
O Practice ,\\\\\
3 |
\ »
2 \\\\ ; —
’ B
N\
0 . R\\k\\\ S .

- Trial N.u'mber N

Second

Figure 3.5 Training Versus Practice
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The prindples on which training should be based are
relatively well known, and can be summarized (Goldstein,

1974):
1.

8.
9.

Develop and taaintain attention, i.e. focus the
trainee. '
Present expected outcomes, i.c. present objec-

 tives.

Stimulate recall of prerequisites, i.e. get ready to
learn. ‘

Present underdying stimuli, i.e. form prototype
patterns.

'Guide the traines, i.e. build up skills progres-

sively.
Give knowledge of results, i.e. rapid feedback.
Appraisc performance, i.c. test against objec-
tives.

Aim for transfer, i.e. help trainee generalize.
Aim for retention, i.e. provide regular practice
after training,

Control is important, ¢.g. 4, 5 and 6 above all require the
trainec to receive a carefully-tailored experience to sbrain
maximum benefit, Some particular ways in which these
principles have been applied are:

Cueing. It is often necessary to cue the trainee as to
what ;0 perceive. When a novice first tries to find
defective vanes in an engine, the indications are not
obvious. The trainee must know what to look for in
each X-ray. Many organizations have files of X-ray
film with known incications for just this purpr -=.
Spexific techniques within cueing inciude matc; -
to-sample  and delayed-match-to-sample.

Feedback. The trainee needs rapid, accurate feed-
back in order to correctly dassify a defect or toknow
whether a search pattern was effective. However,
when training is completed, feedback is rare. The
training program should start with rapid, frequent
feedback, and gradually delay rhis until the “work-
ing” level is reached. More feedback beyond the
end of the training program will help to kecp the
inspector calibrated (e.g. Drury, 1990a).

N Training
O Practice
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‘Figure 3.6 Training Coadition
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Active Training, In order 1o keep the trainee
involved and aid in internalizing the material, an
active approach is preferrad (Belbin and Downs,
1964). In this method, the trainee makes an active
response after cach new picce of material is present,
e.g. naming a faulr, waiting a discrepancy card.
CIAja and Dmry (1981) showed that an active
training program was much more effective than the
equipment passive program ( Figure 3.6) fora com-
plex inspection task.

f. Progressive Part. A standard methodology in
industrial skills training (e.g. Salveridy and Scymour,
- 1973) is to teach pans of the job to criterion, and
then successively larger sequences of parts. Thus, if
four task elements werc E , E,, E, and E, we would

have

*Train E, E,, EE, separatcly to criterion.

* Train E, and E,, E; and E, to criterion.

*Train | and E, and &, E, and E, and E, 10 criterion.

*7T:in whole task E, and E, and E,and E, 10
criterion.
This technique enables the trainee to understand
task elements separately and also the links between
them which represent a higher level of skill. Czaja
and Drury (1981) and Klciner (1983) used pro-
gressive part training very effectively.

3. Devdop Schema. ‘The traince must cvcmually be
able to generalize the training cxperience to new
situations. For.example, to train for cvery possible
site and extent of corrosion is clearly impaossible, so
tha the trainee must be able to detect and classify

corrosion wherever it occurs. Here, the trainee will -

have developed a “schema” for corrosion which will
allow the correct response to be made in novel
situations which are recognizable instances of the
. schema. The kcy to development of schema is to

expose the trainee to controlled variability in train--

"ing (e.g. Kleiner and Catalano, 1983).

Vot all of these techniques are appropriate to alf aspects of
raining aircraft inspectors, but there are some industrial
xamples of theiruse, which canlead to recommendations
or aircraft inspection training.

3.4.4.3.1 Examples of Inspection Training in Manufac-
turing

Table 3.6 modified from Czajaand Drury (1981), shows
the results achieved by industrial users of the trining
principles given above. In cach case, the inspectors were,
experienced, but the results from new training programs
were dramatic. To provide a flavor of one of these
successful programs, the final one by Kleiner and Drury
will beillustrated. The company-manulactured precision
roller bearings for aircraft, and the training scheme was
aimed at improving the performance of the inspection
functic. for the rollers. All inspectors were experienced,
from 2 to 14 years, but measurements of performance.
(Drury and Sinclair, 1983) showed much room for
improvement. Basedonad-  .od Task Analysis, a two-
day training program ~cloped.  Inspectors were
taught using a task card-based system. Each card had a
colorcoded task section.

* Naming of defects (flaws)

* Naming of parts (surfaccs)

* Handling methods (handling)

* Visual search (scarch) ‘

* Decision making (standards, decision making)

* Process intzrface, .
For each section, there were a progressive set of cards with
information, possible physical examples or test proce-
dures, and a suquence indication. Fach card required an
aCTivVe response.

This training program was evaluated in two ways. First,
two new recruits were able to achieve perfect scores on the
test barch at the completion of the program. Sccond, the
quality of feedback from irspection to ‘manufacturing
increased so much that scrap was halved between the six
months before the training and the six months after. "The
wholeprogram was replicated for the inner and outer races
of the bearings, entircly by company personncl using the
roller training program as an example.

Such a training program in thccogni(ivc skills underlying -
faultdetection is needed foraircraft inspectors. Druryand
(.ramopadhyc (1990) show how it can be applicd to one
aircraft inspection task, but a more complete design is
neededifini impactisto be made. {tisrecommended that,
in addition to the training in fault diagnasis in avionics
systems beingundentaken by Johnson (1990), more eftont
be made t6 use the task analysis data already collected o
deviscimproved training programs for airfframe inspectors
using theabove principles. Thetraining programs for he
cognitive and manuai skills of fault detection then need to
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¢ evaluated to demonstrate their effectivencss, as was
one tor the studics in Table 6. From these demonstra-
ons, a standard mmhodology needs o0 be developed so
1at aircraft repair sites can‘apply the same pr‘naplm ona
»utine basis to all existing and new inspection tasks.

4.4.4 Selection/Placement Procedures

hroughout manufacturing industry, a major emphasis
as tradicionally beer: placed by management on finding
1¢ right person for the right job. Aircraft inspection
spears to be no exception. If there are individual

ifferences in performance, then it appears reasonable to -

{ect initially these applicants who have 4 higher prob-
sility of achieving high job performance, and placing
wividuals throughout their career into jobs which in
)me way match their abilities. Unfortunately, the evi-
-nce in inspection tasks does not support this common

pproach at all strongly. A'inajor review by Wiener
975) concluded that emphasis on training and: job/
juipment design would yield much highe: benefits than
arsuing the search for good selection/placement tests.
or the spexific job of aircraft inspection, astudy is needed
» make a definitive decision, so that resources can be

" splied to devising such tests, or the whole coticept can be

at aside.

Tiener raised the issue of test validity. 1f the inspector’s
sk is to deteat true defocts, while ignoring n -
ien any potential tests should correlate ‘with : ea-
ires, rather than with less-related measures wuch as
ipervisor ratings. Harris and Chaney /1969) devised a
ell-validated selection iest for electronic inspectors, us-
8 the criteria of detection ability o establish validity.
lowever, the test was found to be not valid for mechanical
spectors. A large study of selection tests for inspectors in
:neral (Gallwey, 1983) showed that gcncral tests such as
‘tefligence ot cognitive style were not strongly correlated
ith performance. A simphified version of the actual
spection task was the onlv selection device to show
asonable correlations with performance. Further study
r Wang and Drury (1989) found that using a task
walytic approach allowed tests of somewhat higher valid-
rtobechosen, butthe powerofsuchtests todiscriminate
aween successful and unsuccessful inspectors was noc

gh.

nalysis of the same data (Drury and Wang, 19%6)
termined that inspection performance was highly task-
«ific. Good inspectors on one inspection task may be
»or on other tasks. This fact would explain why Harris
id Chaney's test only worked for the clectronic irspec-

‘ -as.

rs for whom it was originally designed.

Aircraft inspection tasks are diverse, as was forind clearly

.in the current study. They range from visual detection of

many discrete defects, though kinesthetic detection of
play in bearings or cables, to tactile inspection for loose

rivets, NDI tasks represent another spectrum of required -

inspection skills. If inspection ability is indeed task
specific, the prospects for a single “inspection test” are not
good. However, it is worth recommending a definitive
study of individual differences in aircraft inspection be-
cause the payoff for establishing a reiiable and valid

inspection testwould be large. This recommendation has’

thus 2 low probability of success but a high vatue if it does
sticceed, and on balance is probably worth performing. It
should have the lowest priority of the four recommended
long-tarm studies.

3.5 CONCLUSIONS

Th.e work reported here represents the results of the first
year of a process devigned to use the known results of
human factors in manufacturing i inspection to aid in
improving the reliability of aircraft inspection. Assuch, it
has concentrated on detailed observarion of the cunent
aircrafi inspection system, and the analysis of that system
in terms of models found useful in improving manufac-
turing inspection. The sample was restricted initially to
major naxional carriers, and all rrcthodology had to be
devised specially for aircraft inspection by analogy. De-

spite these inevitable limitations of any starting endeavor,

- solid condusions an be drawn.

1. Task Analysis of aircraft inspection is pos.sxblc,
and has proven useful in locating 2 human/system’
mismatches which can cause inspertior. errors.
The principles and models derived from humian
factors in manufacturing ins ection have been
readily “adapted to aircraft Jinspection.  This
cffort needs to continue with 2 more diverse
sample. . _

2. Asctofshort-term and long-term interventions
has been geeratad, to guide both rcla:ivcly
rapid implementation and the scarch for new
‘data and “techniques (Sections 4.3 and 4.49).
lmplcmcmauon can only be achieved by the
organizations whase mission is aircraft inspec-
tior and. maintenance.
the FAA shou'd work closely with th se organi-
rations hoth to implement changes, and 1o mea-
sure the cffectivencss of these changes.

The rescarch team and




3. A firm condusion must be that the current
system is good. Major improvements have been
made over the years (e.g. NDI equipment), and
all participants en-ountered during this study
have shown a keen commitment to systemisafery.
The improvement: which now need to be made
are nor always obvious or easy: if they weve they

would probably already have been made. Rec- .

- ommenvled improvements are the result ofbring-
-ing new expertise (human factors) to bearen an
already error-resistant system.
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Clnpter Four
Advanced Technology Training
for Aviation Maintenance

This chapter reports the status of a project to support the
application of advanced technology systems for aircraft
maintenance training. The first phase of the research was
to assess the current use of such technology in aidines,

- manufacturers, and approved aviation maintenance tech-

4.1 RESEARCH PHASES

nicianschools. Thefindings of theassessmentarereperted

here. The second phase of the research is building a
prototype intelligent turoring system for aircraft mainte-
nance training. The chapter defines intelligent tutoring
system technology and presents the specifications for the
prototype. Thischapter also describes example constraints
to the rapid design, development, and implementation of
advanced technology for maintenance training,

4.0 INTRODUCTION

Thehuman isan important component in the commercial
aviation system that provides safe and affordable publicair
transportation. Much aniention to the “Human Factor” in
the aviation industry has focused on the cockpit crow.
However, the FAA and the airlines recognize that aircraft
maintenance technicians (AMTs) are equal partners with
pilots toinsure reliable, safedispatch. Thejob of the AMT
is becoming increasingly difficult, as discussed in C?)qpter
1. This is a result of the fact that there are increasing
maintenance tasks to support continuing airworthiness of
the aging aircraft fleet while, at the same time, new

. technology aircraft are presenting complex digital systems

that must be understood and maintained. Sheet metal and

" mechanicl instrumenis have given way to composite

materials and glass cockpits. These new technologies have
placed an increased training burden on the mechanic and

the aidine training organizations.

The FAA Office of Aviation Medicine, as a part of the
National Aging Aircraft Research Program and the Na-
tional Plan for Aviation Human Factors, is studying a
number of Human Factors related issues that affect avia-

- tion maintenance. As described in Chapter I, examples of
+ the projects under investigation include the ‘ollowing: a

study of job aiding for muinténance tasks Berninger,

. 1990); design and dcvdopmcm of ahandbook of Human

Factors principles related to maintenance; atask analysis of
aviation inspection practicss (Drury, 1989 and 1990); 2

study ot maintenance onganizations (Taylor, 1989 and

1990); and the assessment and specification/demonstra-
tion of advanced technology for maintenance training.
‘The advanced technology training research, reported here,
is exploring alternatives for the effective and cfficient

delivery of a varicty of aircraft maintenance training:

The training technology rescarch is divided :nto three -
phmt}mwdlbcmndt.ctedoverathmcyearpenod 'ﬂxc
work began in January of 1990.

In the irstsix months the status of training technology for
maintenance technicians was assessed. This was done

with a series of telephone interviews and site visits to

manufacturers, airlines, and schools operating under Fed-
eral Aviation Rngulanon Part 147 (FAR 147). Currently
the rescarch team is designing and building a prototype
intclligent tutoring system (7:°S) thar can be used as a
demonstration of the app'ication of expert system tech-
nology to maintenance traii:ing. ITSs are describad in
Section 4.2. The prototyr= will also be used to help
finalize the specifications forz %Iy operational intelligent
tutoring system that will be enmipleted in the second year
for a full scale evaluation in year three.

The operational intellig: .t tutoring system will bebuiltin
conjunction with aschool and airline that were identified
during the first six monihs of the project. The intelligent
tutoring software will be generic in design so that it can be
modified for a variety of aircraft maintenance training
applications. The product will be a tum-key training’
system for maintenance. The important by-product will
be a field-tested appmach to-dévelop, cﬂ'ncle..'l), subse-

school or airline. U zcocptzncczndtmnmg effective-
ness of the intelligent| tutoring system for maintenance

training will be evaluated. In addition, there will be an

analysis of the cost effdctiveness of such training technol-

ogy. Table 4.1is a summary of the three phases.

42 DE ONS OF ADVANCED
‘ TECHNOLOGY AND ITSs

Over the past decade, instructional technologists have
offered numerous technology-based training devices with
the promise of “improved efficiency and effectiveness™.
These training devices are applied to a variety of technical
training applications. rﬁnmplu of such rechnology in-
dude computer-based simulation; interactive videodisc,
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Chapter Four
Phase 1 1990 Technolo‘gy ’Assessmenbanﬂ Prototype
Phase 2 1891 Build Completev intelligent Tutorihg System
Phase 3 1992, Conduct System Eva!u'ationv
Table 4.1 -
Phases omem:ch Plan

and other derivatives of computer-based instruction.
Compactdis: read only memory (CDROM) and Digjal
Video Interactive (DVT) are two adclitional technologies
that will offer the “multi-media” training systems of the
" future.

" The application of artificial intelligence (Al 1o training
captivated the instructional technology literature of the
eighties (Sleeman and Brown, 1983, Wenger, 1987,
Kearsley, 1987). The Al-based training systems are called
intelligent tutoring systems (Polson and Richardson, 1988,
Psotka, et al, 1988). This section will define the ITS
technology as it exists today. The section will show
examples of systems that are currently in use and/or

development. The examples are tiose for which the

author has responsibility. ‘There are many other excellent
ITSs in development today. Intelligent tutoring systems
"are usually described with some version of the diagram in

Figure 4.1(Johnson eral, 1989; Mitchell and Govindaraj,

1989; Yazdani, 1987).

At the center of the diagram is the instructional environ-

ment. It caninclude any of the techniques that havebeen

avaiiable with conventional computer-based instruction
. (CBI). Thiscould include the following: simple tutorials,

drilland practice, problem soiving, simulation, and others.
It can be argued that the désign of the instructional
environment is the most critical dement in a training
system. However, an ITS is only as strong as its weakest

module.

Between theinstructional environment and the student is
the user interface. The interface permits the student 1o
communicare with the instructional environment. The
interface can be as simple as text with a keyboard. How-

ever, today’s interfaces are more likely to indudc sophisti-

aated color graphics, animation, audio, and video disc.
Example inputdevices are keyboards, touch screens, mice,

trackballs, voice, and other such hardware.

The software that differentiates ITSs from conventional .
CBl are the models of the expert, student, and instructot.
The expert model contains an understanding of the
technical domain represented in the instructional envi-
ronment. Thereare numerousways to encode this expert
understanding. The most' common is with production
rules. When the instructional environment is a simula-

y

STUDENT

Figure 4.1 Intelligent Tutoring -
o System = -

tion, a portion of the expert mode is often embedded in
the simulation: This is true with Microcomputer Intelli-
gence for Technical Training (MITT) (Johnson ct al,
1988 & 1989) and with the Intelligent Maintenance
Training System (IMTS) (Towne and Munro, 1989).

The student modd is a dynamic accounting of student
performance withir' a given problem. Most student
miodels also contain a historical record of previous student
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performance. The final model, the instructor, compares
the student model to th2 expert model to assess student
performance. Theinstructor model, sometimes called the
pedagogical expert, offers approprate feedback and/or

- suggestions for remediation. The instructor model also

sequences subsequent instruction based on perceived level
of competence of the student. The instructor model isan
expert system with production rules about training and
feedback. This model does not necessarily know anything
about thecontent marterwithin theinstructional domain.

42.1 Example Systems

Research on artificial intelligence in training has been
going on for quite some time (Carbonell and Collins,
1973) However, few systems have made a successful
transition from the laboratory to real training environ-
ments (Polson, 1989, joknson, 1988b). Johnson has
offered a number of the reasons that the transition has
been difficult. He also described how to build I'TSs for real
applications (Johnson, 1988a, 1988b, 1988¢).

Flowcharts and diagrams, like the one in Figure 4.1, are
helpfi1to gain a broad understanding of the ITS concept.
Examples of opcmnonal ITSs are a better'way to under-
stand and appreciate their potential for technical training.
MITT, MITT Writer (citation), and Advanced Learning
for MSE (ALM) (Coonan, et al, 1990) are examples of
such systems.

422 Summary of Examples

MITT, MITT Writer, and ALM are but a few examples
of ITSs that have transitioned from the laboratory to the
operational training environment. This transition was
possible because the systems were designed to meet the
hardware, software, and budget constraints associated
with real training. Thesesystemsop srateon hardwarethat
is available, in place, today. Ifinrelligent tutoring systems

Softwarehasalso evalved to become moresuitable for ITS.
The new operatine systems, with new hardware, permit
parallel processing and direct access tounlimited memory.
These two changss, by themselves, will have a major
impact on new training software. In addition to these
advances are a variety of software tools that facilitate the
development of interactive graphics, as an example.

Budget considerations are a third constraint to the devel-
opment and implemenzation of ITS in technical training
environments. The advent of [TSs on available micro-
computers is driving down such costs. The development
of authoring systems, like MITT Writer, will also bring
down the cost of [TSs.

. 43  ADVANCED TECHNOLOGY FOR

are to become a part of technical training they must be -

sensitivé tothese constraints, Fad1w1|lbcbncﬂydxscuscd
here. .

Hardware is the first constraint. Most of the early ITSs
were developed on dedicated artificial intelligence work-
stations. Such hardware is considered to be obsolete and.
impractical by most developers. However the early ITS

development on the Xerox and Symbolics workstations
~ permitted the initial design principles for today’s systems.

Thehardware problem is history. " oday’s computers, the
IBM-AT, compatibles and the Macintosh, have the capa-
bility for I'TSs. The faster 80386 and 80486 processors are
providing significant capability todeliver intelligent train-
ing, Such hardware is becorning increasingly aftordable
and reasonable for training applications.

AIRCRAFT MAINTENANCE
TRAINING

'The goal of Phase I was to identify the extent to which
advanced technology was being applied to aviation main-
tenance training. Toaccomplish this goal, asample of the
population of airines, schouls, and manufacturers was
cither visited or intervicwed by telephone or personal
discussion. The o-ganizations that had major inputto the
survey are shown in Table 4.2.

Each interview began with a discussion of the perceived

status quo of maintenance training. Table 43 summa-

rizes the preconceptions that served as a basis for initial
ions.

Theinterviews confirmed that theinitial perceptions were
accurate. However, there were noteworthy exceptions.
Perhaps the most significant of the incorrect assumptions
was.the FAA position on advanced technology for main-
tenance training. The discussions with FAA personnel
and training personnel throughout the industry confirm
that advanced technology training systems have the po-
tential to substitute for real equipment in certain labora-

torytasks. Forexample, an AMT traineecan learn to start

and .troubleshoot a turbine engine using a simulation
rather than the real engins. Advanced technology cannot .
substitute for many psychomotor activities but is espe-
cially useful where students must practice the integration
of knowledge and skill for problem solving, decision
making, and other such diagnostic activities. It appears,
therefore, that simulators and otheradvanced technology
2re bccomi'ng an important component of maintenance
training curricula. Proposed changes to FAR 147 have
suggested that “the curriculum may be pr.sented utilizing
currently accepted educational materials and equipment,
induding, butnot limited to: calculators, computers, and
audio-visual equipment.”
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" AIRLINES:

- Continental Airlines

American Aidlires Maintenance Academy
British Airways

Delta Airiines

Northwest Airlines

United Airines

ATA Maintenance Training Committe=

SCHOOLS:

Clayton State College
Embry-Riddle Aeronautical Umversny
The University of llinios .

MANUFACTURERS:

West Los Angeles College

Boeing Commercial Airplanes
Douglas Aircraft

Airbus/Aeroformation

ATA Maintenance Training Commitiee

: 431 A Discussion of Hardware for Advanced
S Technology Training -

All of the interviews resulted in a discussion about the
appropriate hardware systems for advanced! .-.fuiology
training. While there is not unanimous agreement, the
current favorite is the 80286 or 80386 operating in the

X | | | -. Table 4.2 Sources of Information for Technology Survey
¥

hardware standard. Many airline managers were outspe-
ken about their dissatisfaction with the lack of standards
among the various CBI vendors. The Air Transport
Association (ATA) Maintenance Training Committee
(ATA, 1989) has strongly recommended that all manu-
facturer-produced courseware be designed fora common

i DOS environment. VGAseemstobetheacceptablevideo  non-proprietary system like the IBM-AT and compatible

» Maintenance training is traditional.
« Training personnel do not have time to.develop
advanced technobgy training systems.
-« FAA has not encouraged the use of advanced technology
. as a substitute for laboratory practice.
'+ Advanced techrology i is an eﬂechve maintenance
trammg alternative.
« There are few vendors of advanced technology for
maintenance training.
. ' L -+ Most CBI systems require proprietary hardware.
. : » Training personnel want advanced technology
“training systems.

“Table 4.3 The Perceived Situation for Interview Discussions
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computers. That is not currently the case, although the

.trends are in that direction. Software developers who meet

the ATA standards are more likely to succeed in the new
marketplace. .

Thetwo largest producers of CBI foraviation maintenance

are Acroformation (for Airbus) and Boeing Commercial .

Airplane Company. Both systems require some propri-
etary hardware but are somewhat compatible within the
80286/386 family. Douglas Aircraft is also developing
CBI thar will be compatible with the ATA standard.
Another commirtee that is promoting standards is the
Aviation Industry Computing Committee (AICC). They
have published hardware guidelines and a catalog of

The majority of Boeing training software is for the 747-
400. The Boeing software was developed under contract
1o a lurge CBI company. The Advanced Technology
training development group at Boeing are cooperating
with Uniced Aidines and Apple Computer Company to
explore the concept of “Instructor led CBT.” Using
MacIntosh computers and a variety of color graphics and
hypermedia tools, they have created 2 variety of dynamic
displays to be used for group training. Bocing calls the

* development “Instructor-led CBT.”" Eventually this ap.-

current and planned CBI devdopmcnts by its members

(AICC, 1990).

Among the majorairlines there issome hardware variance.
Dclua Airlines, one of the few to have a significant CBI

development staff, is using a large number of 80386

processors with advanced graphical displays. The Delta
systems are also DOS-companblc in order to maximize
applications.

proach should find its way to individualized CBI

44  ADVANCED TECHNOLOGY
" TRAINING PROTOTYPE

As described in Section 4.1, the first phase of the project
would establish the current status of advanced technology
for maintenance training, and then would build a proto-
type [TS. The prototype can be used as a demonstration
of the apphanon of expert system technology to mainte-
nance training. The prototype (see Figure 4.2) will be
used as 2 modd for the fully operational ITSs to be
completed in phase two and evaluated in phase three.

97




Chapter Four

ke Sltices e B i
S T S a3

The prototype was developed with two major areas of
concern in mind, the interface and simulation. An
intuitive, easy-to-use interface was essential for user accep-
tance of advanced technology training. A correct and
realistic simulation of the instructional domain was also
crucial. An iterative design approach involving subject
matter experts, technicai instructors, educational tech-

. 44.2  TheInstructional Doraain

nologists, and computer scientists was used to ensure that

both of these goals were achieved.
4.4.1 The Prototype Specifications

The prototype was developed on hardware that is alignad
with the ATA-recommended standards. The specifica-
tionsarelisted in 7ab'e 4.4, This hardwareinsuresthat the
prototypewnll be of val..c for demenstration on av: lable
oomputers. It does not require special hardware.

The primary criteria for selection of the instructional
domain for the prototype was that the finished ITS be of
immediate value to airlines and to FAR 147 schools. In .
order to accomplish this goal, the demain had to be a
complex system that is prone to failure. In addition, the
system had to have an cffect on passenger safety and/or
comfort. Candidate systems that were considered in-
duded the followmg‘ hydraulics, auxiliary power unit
(APU)), engine information and crew alerting system

(EICAS), electric power distribution, fuel distribution,

. and environmental control system (ECS).

ECS was chosen for the prototypc'systcm. This system is
ideal for many reasons. On the ECS, diagnostic informa-
tion and maintenance checks occur throughout the air-

* 80286 or 80386 Processor * Mouse
* 1 Mb of Memory
* VGA Display

* & Hard Disk Storage

* MS-DOS
o Off:the-shelf software

for graphics and windows

* C++ Programming Language
* MS Windows

Table 4.4 Hardware and Software for Prototype

Theinstructional and pedagogxcal desiznisa more:mpor—
tant consideration than hardware. While the design is
hardware and software dependent, it must be emphasized
that robust and expensive hardware does not make up for
poor design of the instruction. An incomplete listing of
the instructional specificagions is shown in Tuble 4.5.

. These specifications evolved with the software.

* Extensive Freeplay and Interaction

* Problem Solving and Simulation

. Wanatioﬁ, Advice. and Coaching

* Orientation Towards Maintenance Tasks.
* Adaptable to Studerjt Skill Level

Table 4.5 Instructional Specifications for
- Prototype ‘

czaft. Thesystem isintegrated with the APU and the main
engines. The ECS is critical to passenger safety and
comfort. Further, the ECS principles can be generalized
to many aircraft,

prototype domain.

443 Prototype Development Partners

At the outset of this research, the intent was to dicit

'panicipa(ion from atleast one FAR 147 school and atleast
~one major air warrier. A large number of schools and -

airlines offered to participate. That is encouraging to the
research team and to the FAA sponsor.

The developmert partners sre Clayton State College and

“Delta Airlines, both in Adanta, Georgia The combina-

tion of a major airline and an approved FAR 147 school
will insure that the ITSs will meet the instructional neads
across a wide spectrum of AMT personnel. “The combi-
nation will insure that the tra‘ning system is technically
correct and instructionally sound. Further the airine/
school combination will beidcal to conduct evaluations of
training cffcmvcmss and cost cfficiency during phase
three.
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Figure 4.3 Menu Options

4.4.4 Prototype Development Envi.onment

"The development environment for the prototype was

chosen in accordance with the prototype specifications
- outlined in Section 4.4.1. The prototype was developed
with Asymetrix Toolbook under Microsoft Windows
3.0. Both of these products allowed access 10 extra
memory, when available.

Toolbook is a software construction set with a graphical
userinterface and object-oriented programming features
(Toolbook is not a programming. language). These
featuresallowed for the rapid development ofaninterface
prototype and accompanying simulation.

The Toolbook development environment was sxcellent
~ fordevelopment of an interface prototype. However, as
thesystem grew, Toolbook razi into memory limitations.
Also, because Toolbook was not a programming lan-
guage, there were inherent limitations on flexibility. This
" inflexibility was highlighted during the deve! opmcnt of
the simulation.

While adequate for the prototype, Toolbook will not be.

acceptable for the ITS that will be developed in the
second phase. Therefore, different options are being

aploéed for the next phase. A combination of a pro-
gramming language and an interface development pack-
age (still under Windows 3.0) will be used for th next
phase. This will allow for a more flexible and more
powerful development environment.

4.45  Iterative Design Approach

After discussions with subject matter experts, an initial
interface prototype was developed. This interface proto-
tvpz w s presented to the development partners for evalu-
ation and critique. Changes were made to the prototype
bascd on these comments. The modified system was again
presented to the development partners. This iterative
process continued throughout devel upmenc of the proto-

type.

As the user interface evolved, work also began on the

simulation that works behind the interface. Once again,
* thesimulation dcvclopmcnt was an iterative process. The

subject marter experts ensured both correctness and com-
 pleteness of the simulation.

4.4.6 Prototype Desciiption

The prototype addressed the following three major arcas:
Equipment Information, Normal Operation, and Trouble-
shooting (sec Figure 4.3). Help is also available to the
student at any time. Each of the ma)or areas is described
below.

4.4.6.1 Equipment Information

The “Equipment Information” mode allows the user to

get information about the different components of the

+ ECS. This information describes various switchlights,
knobs, buttons, video displays, .nd warning lights for the
equipment used to troubleshoot the ECS.

Theequipmentthatisavailable to thestudentincludes the
following: ECS.Overhead Panel, Bleed Air Supply Panel
(Sce Figure 4.4). BITE Boxes, EICAS display, and Cool-
ing Pack Schematic. The approach used to implement
Equipment Informarion is very modular to support the
addition of any new equipment in the future.

" 4.4.6.2 Normal Operation

The “Normal Operation™ mode simulates how the ECS .

responds under normal operating conditions. This mode
will provide the students with a baseline against which
they can comparea malfunction. The student has access
_ to all of the equipment described in Equipment Informa-
tion. The student can change knob and switch positions
justas in the “rea;” world. In this mode it would not make
sensc for the student to replace components because every

component is good. Past replacement is reserved Fur

T roubl:shoo"ng
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Figure 4.4 Bleed Air Supply Fanel

4.4.6.3 Troubleshooting

The “Troubleshooting” mode simulates how the ECS ' During Phase I the prototype was complcted and re-

operates when a component has filed. As in “Normal
Operation®, the student can change switch positions.
Changes in switch positions will affect the operation of the
Cooling Pad as in the “real” world. Also, the student has
access toa variety of diagnostic tests (Built-in Test Equip-
ment) and tools to aid in troubleshooting.

The prototype also supports the manufacturer’s Fault
Isolation Maintenance Manua! (FIMM). The FIMM, as
shown in Figure 4.5, represents the decision tree that the
student may follow to troubleshoot the aircrafe. The
student chocses the Fault Code to indicate the suspected
malfuncrion. The simulation knows about the current
malfunction and notifies the student of any logical errors
in the selection. If the correct fault code is selecied, then

the studens sees the specific troubleshooting i instructions '

for thar fault code.

Even though the system supports use of the FIMM, it is
not required. Thesrudents may troubleshoot in any order
that they choose. Thestudent may also swap circuit cards,
use a voltmeter to check continuity and voltages (sce
Figure 4.6), and replace components. Eventually, the
studentwill beable to replaceacomponentand then verify
that the replacement corrected the malfurction.

4.5 PLANS FOR PHASE I

viewed by the cooperating aidine and Part 147 schooi.
The overall design and technical acciracy of the environ-
mental control system simulation was acceptable. During
Phase II the prototype will be converted to a turn-key
intelligent simulation.‘ :

The Phase I prototype was developed with sofrware tools

" designed for rapid prototyping. While thetools were easy
to use they lackzd the robust capability that can be derived
from =2 progiamming language. During Phase II the °

simulation will be written in a programming language

. (C++). The graphics will be developed in a manner that

will provide higher resolution and more color with less
memory requirements than the prototype.

During Phase Il 2 robust evaluation plan will be designed.
The evaluation is likely to involve a design with experi-
mental treatment and “control groups.” The plan will
include methods to assess training effectiveness and cost
effectiveness. The experiment will be conducted wita the
mopctmng airline and Part 147 school during Phase 111
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4.6 SUMMARY

"This chapter has describad the ongoing research and

development related to the applicatiun of advanced tech-
nology to aircraft maintenance training. The research has
characterized current use of advanced technology for
maintenar.ce personnel. Subsequent phases of the re-
scarch will design, develop, and evaluate an intelligent
tutoring system for aircraft maintenance training,

Training humans 1 learn new skills and to maintain
currentskills and knowledge is critical tothe safe operation
and maintenance of manufacturing, power production,
and transportation systems.  As the U.S. labor force
changes, the criticlity of such training bocomes even
. more eminent. Intelligent wutoring systems, combined
with human technicz! instructors, offer 2 cost-effective,
reasonable alternative that can impact trining immedi-

atdly and into the future.
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Chapter Five
]ob Performance Aids.
5.1 ' INTRODU CITbN ‘ mmidcmiomofdaigﬁingdaxabasa, expertsystems, and

computer user interfaces are evaluated through experi-
This rescarch sdtsxgncd to provtdc information thatwill ~ ments. Current approaches to system integration are
_enable maintenance managers in govcmmmtandmdus— identified. Expert assessments were obtained on the
‘try to more effectively manage the integration of technol-  capabilities and limitations of various technologxcnl ap-
ogy inte, the work place. The information in this chapter ~ proaches.

4 aid in assessing the aapability of technologies and

posszblc applications. It will provide a basis to judge 52 PROBLEM DEFINITION
various approaches of implementing technology. The  Researchon Advanced Technology Job Performance Aids
information will contribute to efforts for estimating the  is induded in 2 human factors rescarch program in
time, xpense, and utility of fielding Job Performance Aids  response to the concern that humans will not be able to
(PAs) and technology in maintcnance operations. Prin-  meet the growing challenges of aircraft maintenance
cpally, the information will help determine the return without the proper application of technology. The word
that can be expected from an investmentintechnology. A “technology™ is used broadly in this report to identify the
primary focus is on developing approaches for technology tools available in science and engineering that may be
implemeniztion that complemeni human capabilities.  applied to aviation maintenance. The growing challenges
This is accomplished through research in two areas. 'in commercial aviation maintenancearewell documented

(Parker and Shepherd, 1989, 1990 2. and b.). The chal-

of theissues. The research i mvtsugatacumm approachc !cngc %ncludc aging ai}'cnﬁ » retiring w?rk fo"’?' increas-
to computenzation and job aiding in aircraf mainte- ing maintenance capacity requirements, increasing aircrafi

- nance. This includes a review of the rdlarive level of  OmPloxty. incressing flect diversiy and size, diminish.
automation at major airlines. The structure of completed ing pool of new technicians, and limited financi
systenisis observed and wok fora. reactionstothesystems  o0URS-
arc determined. Trends are identificd. Theneedsof the  Table 5.2 summarizes the rescarcher’s understanding of
maintenance techrician are assessed, and an overall un- the problem that originally motivated the research. Table
derstanding of the maintenance process is acquired. 5.3 is the researcher’s understanding of the problem at the
The second area focuses on technologics. A survey was co'npleuon of Phase | research.
conducted to determine the apability of existing JPA  Iftechnology is to be used to mect new challenges it must
systerns. The state-of-the-art in computers and related  complement existing human resources. “Motivation to
technologics are assessed. The complexity and pragmatic  introduce technology might come from any of the arcas

The first arca seeks a commercial maintenance perspective

Summary of Research Objectives
1. mmmnmmmmmmmmmum
and ted'mioqy
A medenbmtmbmeasoﬂ'emderswmomocapaumw
.. hmitabons at tzchnology. ‘
3 Prowde information that will stenulate thought and awareness of avenues for
increasing human performance through Human Factors considerations. .

Table 5.1 Summary of Research Objectives -
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described in Table 5.2. The relationship of technology
and humans must be carcfully plan:~d.

The process of implementing Job Performance Aids is not
straight-forward. It has proven difficult to predict the
duration and costs of development. Development re-
quires complete communication oetween the application
experts {eventual users) and the system developers (who
know whar technology can do). This dose working
rlationship is difficult due to the disparate backgrounds
and languages of the wo groups. The development
process is a long series of trade-offs bérween reduding
functionality to make development more feasible and
adding functionality to make thesystem moreuseful. The
final system is the system developer's interpretation of user

Some jPAs are already in place, such as built-in test
equipment (BITE). The fielding of these technologics is
on-going, but guidelines that work in many environments
are unsuccessful in aviation. For example, initial BITE
systems ficlded by Airbus had accuracy levels in the iange
0f90%. In the perspective of the design team this isavery
successful system, but 10 a maintenance technician this
was a very frustrating system. Repairs and component
replacement in aviation are almost universally time con-
suming, so even one misguided recommendation in ten
can waste an entire shift with some frequency. The BITE
systems are improving and are now generally accepted as
useful tools, but their implementation took time and
considerable resources.

. needs, teinpered by what is feasible.

Initial Motivation for Research _
Rank Description '
1. ngvbtogyisr\eededbr\elphmarxsmpemmgfowmmuenges.
2. Techno&oéy ‘s needed K overcome the potential for human error.
3. Technology is needed 1o overcome human linitations. {i.e. accuracy)
4 Technology can make maintenance operations morz efficient.
5. Maintenance Tednology should keep pace with aircraft technology.

" Table5.2 Initial Understanding of the Problem

Final Motivation for Research |

wel understood

Rank Description.

1. . Avenues lor achieving peak human periormance are uider tized.

2 Impiementng technology is more cdmplex and expens: +2 than accepted

3. The human factors of achieving user acceptance are not wil understood ‘

4 The human factors of system development (i.e. Developer/User commumicatnn are not

Table 5.3 Understanding of the Problem at the End 'of the Phase I Rescarch
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5.2.1 Computerization

Thetrend toward increased automation through comput-
erization is weli under way. Computers are already de-
ployed in most of the “deterministic” tasks of maintenance
operations such as tracking, scheduling, budgeting, and
status reporting. Starting with mainframes in the 70,
most major airlines are now working on their second or
third gencrationssystems. Whilethe mark of computerson
maintenance operations is apparent and permanent, the
implementation of the systems has not always been well
received and their cost effectiveness is not always dear.
Aviation maintenance is not necessarily an ideal applica-
tion for computers, butduring the 80’s, as operations grew
in complexity, computers seemed to be a:solution for
many problems. Computers in aviation maintenance
usually achieved functional requirements, but sometimes
failed 1o live up to the expectations of the user. This was

" due in part to the difficulty of ficlding new techinologics,

and in part to the user’s difficulty in specifying needs
dearly. All involved are now sensitized to the criticality of
assessing the user’s neads, but it is not clear how thiscan be
achicved satisfaczorily. In any case, there is much more
awareness of the difficulty of achieving objectives when
humans zre an integral part of the system (which isalmost
always the case.)

. Computers solved some problems and created some new

ones. Many difficultics had to be overcome to fit existing
approaches 10 the nature of computer solutions. For
exampie, many problems arose from the computer’saffin-
ity for numbers and the human affinity for symbols. Early
on, technical considerations dominated and parts num-
bering, for example, became driven by computcr require-
ments rather than maintenance requirements. One aidine
reported an air-turn-back when similar (but non-inter-
changeable) parts with like nuinbers were interchanged.
Thisexample and others highlight why the enthusiasm for
computers diminished as- workers lost control to the

demands of the computer system.

Implementation of technology is an expensive, and to
some extent experimental (trial and error) process. The
Department of Defense xpends enoimous resources to
bring ideas from concept to reality. Airines rarely havethe
resonrces 1o cury out the same process. Maintenance
operations are faced with’ mostly fixed expenscs such as

" facilitics, sp;ms, and labor. Labor is not entircly fixed, be-t

nearly so, given union agreements and the disruptions
caused by layoffs. The volatility of repairs required in the
flect during any year are not reflected in the flexibility of:
annual budgets underwhich maintenance managerswork,

Financial resources are focusid on the many oxpenditures

_encounterad in maintenance, for example, in the process

of swapping out or replacing pans in the aircraft. As a

result, a very low percentage of the budgct if any, is

available for computerization.

Computers will continue to become more adept atper-
forming cxtstmg tasks, but the remaining avenues for
computcnuuon are more challenging. For cxamplc
communication of maintenance information is a central
concern for every maintenanceworker. Some technicians
reported spending as much as75% of theirtime obtaining
the information needed to perform their duiies. The
problem is that this information is difficult to quantify. I
is not simply a marter of having technical manuals avail-
able on-line. Subtle informarion such as the fact that a
battery necds charging can make thedifference betweena
successful engine run up or a wasted shift.  Aircraft
maintenance depends on a large number of interdepen-
dent events. The resulting complexity challenges the
humans involved, and makes the process of computeriza-
tion arduous. .

5.2.2 Human Error

At the technician level there are consistent calls to auto-
mate elements of maintenance programs which are prone
to human error. The heavy demands placed on inspectors
to detect structural problems with aging aircraft motivate
the pursuit of new Non-Destructive Insmection (NDI)
equipment. The National Transportation Safety Board
accident report on the Sioux City accident contains the
following recommeéndation (NTSB, 1990):

“Intensify research in the nondestructive inspection field

" to identify emerging technologics that can serve to sim-

plify, automate, or otherwise improve the reliability of the
inspection process.”

5.2.3 Human Limitations

Labor costs are a common concern of managers; thus the
idca of tircless, efficient, and precise robots is appealing,

JPAs are sought to overcome human limitations of atten-

tion span, endurancr, and accuracy. This propensity is
also motivated by the expectation that there will not be

“enough technicians available in the future, and the ones

that arcavailable will havcdxmcukyworkmgwuh increas-

ingly complex aiscraft.
5.24 Ma'rtcrance 2020 '

In the 40's anel 50's it was likely that the aircraft mechanic
was familiar with inast aireraft sysiems, with the possible’
exception of the radio equipment. Today, only the most
experienced aircraft technicians are familiar wirth a major-
ity of the systems, and radio has been joined by a growing,
st of avionks equipment. The complexiy of aircralt
maintenanceisexpected tocontinuctomncrease, itis!ikol
that computers and technology will play alarger role in the

107 .




Chapter Five

maintenance cffort, but what are the characteristics of the
role? How large will the role be, which technologies will be
used, and when will they be used? Ifthese questions could
b= answered, many false staris and considerable wasted

effort could be prevent d. Integration of technology isa |

long process and planning must be accomplished years in
advance. The maintenance process has iittle margin for
trial and error, and few resources are availabic to support
extensive experimentation. Technology changes so rap-
idly that it often seems a new approach is obsolete as scon
as it is successfully fielded. There may never come a time
when maintenance programs or technology will arive at
asteady state. While it is not possible to see the fuiurein
a crystal ball, a great deal can be leamed from pasc
experience.

52.5 Technology

Technology has alureof its own. Emerging technological
capabilities seem to have “potential” to improve nearly
everything. Pressure for change often comes from the
promises of “technologists”, eager to find applications for
their inventions. It seems natural that as aircraft become
more sophisticated, maintenance should follow. How-
ever, hias toward new technology should be tempered by
a careful assessment of user needs. Designers are usually
able to field hardware and software that works function-
ally, but compatibility with humans is more clusive.

Clearly "manual” methods are nox sufficient forever. For

example, technical documentation on aircraft systems has’

grown exponentially and a typical narrow body aircraft
now arriveswith 17 000pagaofdoaxm¢n_m|on Airlines
usually maintain several different types of aircraft and

must use unique procedures for cach. A number of -

technological solutions are available to make the informa-
tion more accessible, but more work is nceded to facilitate
the assimilation of the information. The point is that
finding a :echnological solution docs not replace the need
for wcﬁxl consideration of human factors.

53 METHODOLOGY

The rescarch sought to obtain a rapid high level undcr-
* standing of the issues. The primary task was to assess the
implications of fielding technology to aid commerdial
aircraft maintenance. “The information contained in this
chapter is targeted for a reader who has considerable
kniowledge of aircraft maintenance, limited knowledge of
computers and technology, and very little krowladge of
. Human Factors,
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The research sought a first hand understanding of the
challenges facing the aviation maintenance community
and the current approaches for utilizing technology to

~

, Aviadon Maintenance Assessment

mect those challenges. Basically, this knowledge is ob-

. tained from sever sourcrs:

Aviation maintenance managers
Aviation maintenance technicians

Maintenance cornputerization specialists (MIS or

DP)
" Aviation maintenance industry representatives

FAA managers responsible for aviation mainte-
nance

Aircraft manufacturer represenratives
53.1.1 Participation in Industry Foruins

Participation in numerous industry forums from confer-
ences to high level briefings provided access to most of the
individuals listed above. Information was collected through
informal unstructured interviews and discussions, as well
as, through observation. The rescarch objectives and
approach were presented on these occasions, and feedback

was used to focus and direct the effort.
5.3.1.2 Site Visits

Site visits lasting from several hours ta one week were
utilized to collect information on facilitics, develop an
understanding of the overall maintenance process, and to
further talk with the individuals listed above. Information
was collected through informal interviews and observa-
tion. When possible, the rescarchers participated on an
non-interference basis in the normal conduct of aireraft

~ maintenance. Technicians explai =% v+hat they were do-

ing as they performed their dutics. All shifts of operation
were observed. Training classes and moming manage-
ment briefings were observed. ‘The rescarchers reviewed
documentation ana procedures utilized 'in each aircraft

_maintenance organization. The Quality Control Depart-

ment was normally the host, but tim= was spent with a
cross-section of the maintenance organization. The re-
scarch objectives and approach were always prosented to
verify that the results would be useful to the'maintenance
community.

1532 Technology Assessment
'53.2.1 Survey '

Asurvcyofcxxsnng]PAsystcmswasconductcd Anarrow
dcfinition of JPA was utilized, since there are existing
sources of information on tooling, ATE, fixtures, and
non-dastructive inspection-equipment. The focus of the
JPA survey was on computer and microprocessor based
systems utilized for information ddlivery, processing, or
storage. Inaddition, a few applicabletechnologies, notyct
incorporated in’ systems, were, identified as part of the
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survey. Systems and technologies developed outside of
aviation were included if they demonstrated 2 technology
not already used in aviation. The military was the primary
sponsor. Each aircraft manufacturer and large airline, as
well as several other major industrial companies, had at
least orie JPA in develooment. The goal of the survey was
not to find the system that would “revolutionize™ aviation
maintenance (aithough, if we had found one, it would
have been induded), but to assess the overall extent and
characteristics of wliat is feasible and possible in Job
Aiding. The systems were identified through database
searches and the information was supplemented by con- -
tacting the developers. [n addition, some systems were
identified through site visits or at industry forums.

5.3.22 Technology Research

Rescarch was conducted to assess the capabilities and
limitations of the technologics that are most often pro-
posed forimplementation in aviation maintenance opera-
tions. Principally this effort focused on the application of
computer technologies. Antificial intelligence and expert
systems were given particular emphasis. Several “new”
technologics were investigated in computer displays, mi-
croprocessors, storage, and input/output devices.

53.23 Experiments

Limited experiments were conducted to evaluate the
pragmatic considerations involved in developing expent
systems, databascs, and computer user interfaces. The
experiment in interfaces was principally software develop-
ment task, but emerging technologies in the processor,
packaging, and dispiay were also tested. Database technol-
ogy wasused to organize the findings from the JPA survey,
and a small expert system was developed with 2 commer-

cial axpert system development package.
5.4 FINDINGS

5.4.1 Overview

The firdings are divided into three categories:

Technological contributions
Technological obstacles

Implementation guidance

'Aworking knowledgeofcachis needod to make successful

decisions about applying new technologics in aviation
maintenance. The findings apply to the industry, in
general, but the reader can assess whether it s applies in
their situation. “The overall theme of the findinys is the
imporntance of a realistic assessment of the aarabilitics of
technology. Thesection characterizes the present capabili-” .
tics, of technology and the likely capability of technology
over the next ten years. ‘The scope is limited to ten years,

—

since predictions beyond ten years arc highly speculative.
Inany case, few maintenance managers can afford to make
decisions based on a theoretical potential 15 years in the
future. Lessons learned from implementing technology
over the last decade are documented throughout this
section.

54.2 Technological Contributions
5.4.2.1 Automation in Aviation Maintenance

For 2 majority of the industry, maintenance automation
means cc nputerized maintenance information systems.
Virtally all maintenance organizations have systems in
place or anticipate implementing systems in the near
future. Information systems provide indirect support of
maintenance, but computers are also directly involved in
maintenance in automatic test equipment or diagnostic
supportsystems. Thelarterare covered in the next section

* on technologics.

The amount of informatinn maintained on each aircraft
has grown exponentially, but the basic structure of the
paper methods are intact in today’s information systems.
This was necessary to ease the transition from manual
methods and avoid extensive retraining. Most airlines
developed maintenance informatior systems internally
because each had unique maintenance programs. Even so,
problems surfaced because computer apglications were
rarely able to do everything the same as manual methods

. andlacked flexibility. Further, it proved difficult to predict

the magnitude of cffort needed to develop systems or
insure user acceptance. -

Most maintenanceoperations now usc computers totrack
parts and aircraft status, and more organizations are
moving computers into forecasting and other decision
aiding functions. Systems are justified based on promises
toincreaseaircraft, engine, and componentavailability, or
enable more production with existing resources. How-
ever; managers reported that unless an aircraft flect wis
growing, labor savings in production were usually offsct

_by increases in planning, production control, material,

and data processing.  The intensity of computerization
efforts has slowed somewhat; only the largest (and profit-
able) airlines have data processing departments actively

developing major new systems. Al airlines continue to -

absorb and become accustomed to existing systems.
5.4.2.1.1 Why Automate?

The growth that airlines experienced in the post deregu-
lation cra provided motivation for most automation
cfforts. Tasks such as aircraft routing became too cumber-
some as flect siee increased. Computerization offerod
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increased capacity, faster turnaround without the need to
develop an entirely new approach. Tangible and intan-
gible benefits are achieved with automation. The intan-
gible benefits out number the tangible ones.

The intangible benefits were often promoted as more
important than the tangible benefits. The informarion
needed by management tostreamline operations is mostly
intangible. Automation systems provide many more av-
enues than manual systems for tracking the technical
performance of the organization. Management needs this
information to recognize problems before they become
critical. Automation systems make it easier to identify
tres.ds. The result is a more accurate control of resources
and the efficiencies achieved can lcad to increased main-
tenance capacity.

Cost control was frequently given as a reason for imple-
menting automation systems. The computerization en-
ables faster customer billing and closer tracking of costs.
Detailed histories- of existing costs improve forecasting
and planning. In addition, comprehensive reliability
informarion enables prompt acknowledgment of perfor-
mance difficulties. The effectiveness of individual man-
agement decisions can be determined more readily with
the additional information provided by the automation
systems.

Tangible benefits are primarily found in increased aircraft
(or engine or component) availability and additional
aapacity. The information from maintenance automa-
tion systems provides efficiencics that reduce turnaround
times. Reduced turnaround time leads to increased
aircraft revenue hours, fewer labor and material dollars for
each service, and shorter AOG's. The information pro-
cessing capability of thesystemsaugment condition moni-

toringand enable morecfficientstockingof spares. Stricter

control of inventory and resulting efficiencics can lead to
savings.

A couple of benefits that were sighted in the carly years of —

automation never became reality. One area is manpower
saving, as mentioned earlier. The other was the goal of a

“papetless” system. Thereareanumber of reasons for this -

failure including the fact that humans prefer to read hard
copies and that computer information is updared so
frequendy. Combining these with the proliferaticn of
copy machines and a visit to most maintenance facilities
demonstrates that the goal of a “papetless” system has not

been achieved.
5.4.2.1.2 © What Can be Autbmawd?

Computers are involved in most aspects of information
management for maintenance, enginecring, and materi-
als. Airlines incrementally developed their systems over a
number of ycars. Functior:ality and enhancements were

" tions.

. airliné or maintenance department.

added to acore capability. Thedithcultics notw.. hstand-
ing, the presumption is that cach new piece or type of
information added provides a more accurate and com-
pletepicture of the maintenance operation. Asan example
of the complexity involved, consider service scheduling.
Scheduling depends on multiple constraints and has
many ramifications. The service schedule has implica-
tions for labor, facilitics, and materials requirements. ‘The
objective is to make efficient use of the first two and
minimize the last lement. In any case, in order to ensure
all are available in sufficient quantity (and not in excess
quantity) the service schedule must be carefully planned.
The schedule is based on forecasts of expected demand.
The unscheduled scrvice requirements are anticipated
irom reliability information and the time condition of the
aircraft. Rowblerequirements, modification requirements,
and deferred work all figure into the equation. The
schedule requirements are meshed with resourceavailabil-
ity to determine aircraft arrival and work scheduling.

Planning might utilize the computer for maintaining
aircraft maintenance history, dcvclopmcn' of work pack-
ages, and work card gencration. In addition, planners
need access to service forecasting, service scheduling, and
aircraft routing information. Computer support of work
cards is increasingly common. Most organizations have
computerized work card indexes and somessystems gener-
ate the cards on demand.

Orher than tracking parts, status information isonc of the
most widely implemented functions and ropresents a
significant level of complexity on its own. The hours and
cycles of every aircraft in the inventory must be known for
tracking time limited parts and complying with regula-
"The configuration of each vircraft is tracked for
modifications and component serial numbers. Mainte-
nance status includes pilot reports, discrepancies, defer-
rals, andhnstory Information NECCSSAry 1o SUppOrt warranty
daims is maintined, such as manufacturers require-
ments, time tracking, and flight history. Aircraft modifi-
cations might be tracked separately for the ﬂcct, mrcmﬁ
and individual components.

Varying degrees of reliability information can be main-
tained on the flect. A delay summary might be reviewed
daily, where each delay is charged to a specific arca of the
Unscheduled re-
moval rate can be tracked to identify trends, perhaps from
shop information. The management of materials and
purchasing can be similarly information intensive, and
there areseveral types of information of interest to manage
rotables.
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5.4.2.2 Industry Computerization

Virallyall major maintenanceorganizationsutilizesome
form of computerized management information system.
Relatively few utilize computer based job aiding systems
forthe technicians, other than tracking parts or automatic
test equipment. Most of the systems were developed
internally, although the current trend is to use outside
consultants and off-the-shelf software. Some airlines are
marketing their information systems to other mainte-
nance organizations. It is difficult to gauge the cost
benefits of the current generation of systems, but few
consider it possible to go back to the old manual methods.

The following describes the level of automation at several

airlines:

schedulmg, tcchmcal srvxoq, and retncval of -

maintenance items.

TWA has applications running-on an ‘IBM

* 3090 mainframe to track aircraft status, mdin- .

tenance  requirements, and support reliabil-

ity analysis. Capability has been added to track .~

parts and labor using bar code technology.

United Airlines is one of the few aidineswith a
separate department devoted to developing - o
maintenance automation systems. They review
propasals received from vendors and dcvelop
systems in-house.

US Air uses asystem devcloped mtcmallycaﬂed
“MERLIN. Itis an integrated set of applications

Air Canada has several types of mainframes,
induding Honeywell, IBM, and Unisys. They
utilize networked HP and Wang mini~comput-
ers, aswell as PCs. Most information utilized by
management is maintained using the comput-
ers. :

Alaska Airlines uses an Amdah! mairframe that
-is networked to the maintenance base. The
system tracks aircrafr and componeni history.
Macintoshes are available for management re-
porting and other applications.

American Airiines has many management ac-
tivities automaied and is currently studying a
major new autom.ation plan.

America West uses 3 Unisys mainframe run-
ning softwaredeveloped internally. The system
performs tracking funcnons and suppons plan-
ning.

British Airways has IBM mainframes handling
all management information proc&mg and
storage requirements.

KILM uses several computerized systems. Oneis
called CROCOS (computerized rotables con-
trol
PASS (computerized mate al proau‘cmcnt and

supply system.)

Northwest Airlines has an extensive automa-
tion system called SCEPTRE. It runs on IBM
mainframes and was developed internally. The
- system addresses most management informa-
tion needs, and is still growing.

Pan Am uscs a system developed internally
called AMIS (aircraft maintenance information
system.) This is also a mainframe based system
and performs funcions such as maintenance

svstem)and anotheriscalled COM-

running on a IBM 3090 mainframe. Some of
the details of this extensivs system are induded
23 a part of the JPA survey in the Appendix.
Modules have been developed to perform nu-
merous  functions such as tracking mainte-
nanceactivity, discrepancies, component times,
and preparing repair shopschedules, US Airalso
has a robot controlled parts warchouse system.

5.4.23 JPASurvey

A survey uf job performance aids was conducted to assess
the application of technology in aviation maintenance
over the last ten years. The focus was on computer or
microprocessor based systems used to process, store, or
deliver information to the maintenance technician. The
systems currently in use in commercial maintenancetend
tobe the information systemsdiscussed above. Thesurvey
concentrated on novel approaches to analysis, diagnosis,
decision and job aiding, although a sample of other
applications are included. Bricf descriptioris are induded
intheappendix,andasummary isincluded in the Chaptcr
Appendix. In the interest of conserving space, the descrip-
tion of some systems is not included. -

“The survey was comprehensive, but some propri&ary .

systeras or recently announced systems inight have been
missed. In.any case, the sample gives an overall sense of
trends, typical applications, and the envelope of system
capability. The findings demonstrated that application of

_technologies to aircraft maintenance is still an experimen-
. tal process. Minst of the systems identified did not survive

beyond feasibility studies and prototyping. Activesystems
tended to be in the develupment cycle, and few systems
wereintegrated into the day-to-day maintenance process.
The long term impact of JPAs is unknown, but few -
expeiieniced sponsors demonstrated cagerness to develop
more systcms or nmplcmcnt existing systcms in critical
apphcanons =
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Itisdifficult to generalize, but there seemed tobea 15 year
lag between the rime when an application is technologi-
cally feasible and when it is refined to the point of being
cost effective. The process of implementing technology is
along term effort, and for now, except for a few specific
applications (i.c.. engines, avionics), there s little evidence
that the JPAs have had a major impact on the way aircraft
maintenance is accomplished. In some cases, sponsors
were withholding judgement until the completion of
development. None-the-less, there are a few success stories
ard many lessons to be learned from past efforts.

Sixty percent of the systems identified were sponsored by
the military, with the Air Force being the dominant
sponsor. The remaining 40% were divided between
commercial aviation and other commercial industries.
Each of the aircraft manufacturers had at least one system
in development, although often through their military
divisions. Many airliresdeveloped maintenanceinforma-
tior: systems internally, but unly a few airlines were major
players in JPA development. The dominant applications
were systems that supported on-condition maintenance
of aircraft engines.

Engines arca particularly good application, because main-
tenance involves collection and analysis of a lot of data.
The analysis requires expertise, but can be computerized
since itinvolves idcntlfyingtrcnds inthedata Computcrs
are particularly adept at reviewing vast quannnes of

numbers and comparing them to limits.

The recent generation of aircraft incorporates built-in test
(BIT) for avionics. The early systems tended to generate
numerous false alarms, but accuracy has increased over
time. BIT seems to be here to stay since there are few
altematives given the growing complexity of avionics.

Thirty percent of the systems were used for faultdiagnosis.
Forty five percent of the systems were management
information systems, 45% were used directly to support
main.enance, and the rest were used for analysis. Some

novel applications were identified. Several organizations

are working on systems that have an imbedded self repair
caapability. One involves use of an expert system to
reconfigure aircraft aerodynamics in the event of system
failure or battle damage. A handful of efforts are trucking
trend data on structures to anticipate maintenance needs,
similar to what is already done for engines. The analysis

involves reviewing the trends in vibration data collected -

from sensors. For example, the VSLED (vibration, struc-
wural life, and engine diagnostic) system developed for the
V-22 tilt-fotor aircraft monitors data and generates re-

ports that specify nceded maintenance actions. Several

voice recognition systems have been developed that could

be used for data entry by inspectors. A product recently
- marketed by Lanier Voice Products reccives voice inputs -

and automatically generates reports. Anotherapplication
analyzes samples of engine lubricants taken ar regular
intervals. The levels of oxidation, sludge, viscority, firel
dilution, dirt, glycol, water, and wear metals are recorded
and tracked to predict when maintenance will bz needed.

Forty percent of the systems identified incorporated ex-
pert system technology, 15% were portable and all used
state-of-the-art hardware technology. Several new tech-
nologies made their debut in recent years. Fuzzy Logic is
an approach to logic that incorporates characteristics of
imprecise reasoning. Ratherthanbeingonly “on” or “off”,
the Fuzzy methodology permits degrees of “on” ot “off”.
This approach is used withsome success to model human
reasoning processes. It isa popular approach in Asia, but
has not caught on in the United States. One technology
that is receiving increasing attention is Virtual Reality
(VR). VR combines three-dimensional graphics with
sensors attached to the user to createan artificial environ-
ment. The sensors detect movement and modify the
three-dimensional display accordingly. For example, the
user wearing a set of goggles with miniature displays can

.walk through an environment created by the computer.

The systems have potential o be the simulators of the
future. CD-ROM hasreccived a grecideal of press, but the
technology has not been widely implemented. It has very
large information storage capabilities, but requires expen-
sive hardware to store and retrieve the dara. It reduces
duplication costs, butitisnotany more flexible than paper
and humansare uncomfortable reading information from
computer screens.

Several systems were portable, but portzbility did not
appear to be us important as might be expected. It seems
for the type of applications thar arc needed, it is not a
problem to go toa terminal and get a hard copy. Portabil-
ity is only a factor if each technician is given their own
system, not a likely event, given current hardware and
software costs. Even “dumb” terminals-are currently too
rxpensive to give one to everybody..

The principal criterion that separated the successful sys-

‘tems from othcrswasthcxnilityto theuser. Thesuccessful
. systems are typically in applicaticns where there is no

alternative, such as engine monitoring or avionics testing.
Overall, the most ambitious systems tended to getintothe
most trouble, unless thedeveloper was very persistent and
well funded. The systerns developed by the automobile
manufacturers, werewell funded and had persistent devel-
opers, but still received slow acceptance until a manual
mode was added. Further, it is very difficult to estimate
dcvclopmcnt costs unless the applicarion is very specific
and the requirements are rigid. Thai s a'tendency o
mmake the system general in nature to spread the develop-

Ment costs across as-many users as possible, but this
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inevitably lead to failurc. The systems that targeted a very
specificproblem witli aclearset of requirements fared best.

The road blocks to system development are establishing
dear uscr requirements, software productivity, and the
input/output required. Software is the principal expense

in thesesystemsand softwaredevelopment hasbeenalong -

and arduous process. Several enhancements in software
" technology are beginning to address the problem. Com-
puter Aided Software Engincering (CASE) tools are be-
coming more powerful. Object oriented programming is
being implemented 1o facilitate the reuse of software.

Authoring systems have the potential to enable users to -

develop their own systems. Currently, developing an
" application requires the developer to become an expertin
the domain. Developing authoring systems is a major
undertaking and no one has developed a JPA authoring
system yet. Progress is being made in the /O areain terms
of graphxml user interfaces, voice recognition, and com-
putervision. However, itwill besometime (morethan 10
years) before information can be communicated between
humans and computers as rapidly as between humans.

5.4.3 Technological Obstacles
5.4.3.1 Technologies

The question might be asked, “What does technology
have todo with human factors?” The answer is three fold.
First, technology (especially “new” technology) is often
sold as a solution for human factors problems. Secondly,
observation shows that oae of the greatest challenges of
xmplcmcntmg technology is the human factors challenge
inachieving the necessary communication berween devel-

opersand users. Lastly, all systems ultimately interactwah

humans on some level and care must be addmscd o
human system interfaces.

Technology is a tool for developing systcms that facilitate
aircraft maintenance, but in itself does not ‘solve any
problems. For exampie, artificial intelligence is a tool for
software development, but it is not a maintenance auto-
mation system. New technologies aredeveloped ata rapid
pace, and, inthefervorto find applications for technology,
realism tends to be 2 casualty. Technologies are always
“emerging”, and industry often buys the “latest™ technol-
 ogy. Thisaspectofthe rescarchsecks:odiffusethisin favor

. of a more pragmatic assassment of the role of vechnology.

Importantly, these findings are absent the salesmanship |

that often accompanics discussions of technology, as the

rescarchers have no stake in any particular technology. A

central effort in the research involved assessing the contri-

bution alrzady made. Comparison of past expectations

and actual contributions pfov:dcs insight into ﬁ:rurc
" contributions.

" twelve rwons for thts conclusion:

The Automated Intelligent Maintenance System (AIMS)
isatypical xample thatillustrates the plight of many JPAs.
AIMS was designed as a job aid for Army truck mainte-
nance. It featured expert system and voice recognition
technology, along with a computer screen that displayed
schematic diagrams and installation drawings. It was
wireless and packaged in a large briefcase. In additicn to
dslivering technical maintenanceinformation, AIMS was
designed to track maintenance records, order parts, con-
wrol inventory, maintain schedules, and support training.
Over a million dollars went into development and a
working prototype was fielded. However, the effort was
ended when technicians were. reluctant to use the proto-

type and the cost of updating the database was recognized.

The system simply did not have the utility the technicians |

needed.
While not typical, the Air Force’s Integrated Mainte-

nance Information System (IMIS) serves as a model of
how Job Performance Aid development efforts should
proceed. Iralso gives asense of the magnitudeof theeffort

and perseverance needed tosuccessfully implementa JPA.
Table 5.4 identifies the time frame involved  IMIS is

. designed to beasingle source of information for Air Force

technicians. Technical data, diagnostics, training, histori-
cal dara, and maintenance management information nor-
mally obtained from diverse sourcesis integrated by IMIS.
IMIS hasaninterface for theaircraft maintenancedatabus
and can process information from BITE. The aircraft is
identified through the interface and IMIS automatically
provide' aircraft specific information. In addition, IMIS
has data entry copability and helps to generate necessary

_reports. IMIS was initiated by a concept paper in 1979

and 3 full up system demonstration is cxpected in 1993.

hardware. The program has continually evaluated|and

enhanced theman-machine interface. The IMIS program
isworking on acompleteset of specifications that could be
adapted by others with similar objectives. The |
learned by the Air Force during the development of IMIS
can be utilized by the commercial mdusuy However,
commzrcial and military approachcs to maintenance are

not the same, and IMIS technology may not mnsfcr_

directly to commercial maintenance.

Clearly maintenance will be different in thitty years|and

anything is possible, but the survey demonstrated that, for’

at least the next ten years, there is little evidence [thar
technician job performance aids will be widcly usad in
commercial aviation'maintenance. The rescarch reyeals

13-

S e

28 109

A

g

8 RS W

O P

3
TR

TS
(1 '~

3

ik




R s R

Chapter Five
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3)
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5

6)
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N

The Departmerit of Defense is not planning to
field systems until the middle of the decade.
Comniercial maintenanceapplicationsarcatieast
five yeais behind the military in development:

Deveiopment of the systems in the automobile
industry took nearly a decade and the application

is more well defined. User acceptance hac im-

proved, but the cost effectiveness of the automo-
bile systems are not clear.

Commercial aviation maintenance is performed
by the users. Airlines and repair stations do not
have the resources to undertake major develop-
ment projects. Manufacturers have resources but
insufficient motivation since they are not the
primary maintainer of aircraft. Built-in Test sys-
tems arean exceptionand BIT will continuetobe
enhanced by manufacturers.

The per user cost of hardware stands at $3-K.
Although it is somewhat a function of utility, the
margins in maintenance operations are not likely
10 support systems for every technician until

. system costs are under $100 per user. Acceptable

costs are somewhat more at the supervisor level,
but not more than $1000 per supervisor. Expen-
sive equipment is often purchased to comply
with regulations, but there seems to be no reason
1o regulare the use of JPAs.

Benefits of JPAs are primarily intangible.

Experience chows that user acceptance is difficult
to achieve. The reasons vary from poor man-
nachine interface to a lack of utility. Contrary to
conventional wisdom, distaste for technology

“was notamajor reason for lack of useraccept. nce.

Systems that did not facilitate the maintenance
effort were not supported.

Hardware and software technologies advance so
rapidly that fielded systems become obsolete over
arelatively short period of time. "Oncean organi-
2ation commits to using the systems, it is very

10) ‘Thecurrentapproach to maintenanceisworking.
Aslongas JPAsare not mandatod by regulation or
warranted duc toalack of capacity or manpower,
there is litde reason to try something new.

11) The utility of the systems is not clear. The t;pes
of information nceded in maintenance are diverse
and difficult to quantify. In the time it takes to
enteraquery intoa computer, MostJuestions can
be resolved by talkmg with an cxpcncnced co-

worker.

12) There arestill enhancements possiblc in aviation
. maintenance through more effective use of exist-

ing resources, in particular human resources.
* Thus, there is little motivation to introduce new

systems with new unknowns.

A few applications did seem to have potential. One was
the use of expert systems te document the-knowledge of
experienced technicians that are retiring: These cystems
can be feasible if they are done for very specific applica-
tions. There are also opportunities to field technologies
that give r= azicians better knowledge of the “big pic-
ture.” Knowledgeabout the performance of the organiza-
tion, priorities, successes, and aaticipated workload does
not always reach the people who actually work on the
aircraft. This information, which is already used by man-
agement toassess theoverall operation of the maintenance
organization, would be useful to a technician on the floor.

54.32 Computers and Microprocessors

“The enthusiasm abour technological solutions to human

factors problems revolves around the growing capability
of information processing technologics. The fact that
computers are becoming more powerful, smaller, and less
expensive is w:dclywvercd Computer processing speed,

often measured in millions of instructions per second

(MIPS), has doubled every three years for over twenty
years. The price of cach MIPS falls as more and more
. circuitry can be integrated on asingle chip. The computer
* industry, in a.very short time, has become one of the few

difficult to avoid the expensive temptation to_

track technology changes.

Maintenance operations are still trying fo'inte-
grateand justify automation systems implerented
in the last decade. There seems o be little cager-
ness to start a new phase.

There are at least a dozen systems now looking for-

commercial maintenancesponsorship, nonchave

. found one.

trillion dollar industries that exist. It is safe to say the
capabilitiss of computers will continue to increase, but
additional cunsiderations are necessary before it can be
concluded that aviation maintenance needs more com-
puters. ‘ ’ ‘

A basic understanding of how computers operate is useiul
in assessing where they can be applied. While the process-
ing, power of computers has increused many orders of
magnitude, the architecture and the basic operation of
computers has scen litle change since 1946 when math-
ematician John von Neumann proposed a “Logical De-
sign ofan UcctromcCompunngSystcm He m(roduccd
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Example Development Cycle

Rank = Description
Identification of need -

—

—_
—

2. Feasibiiity study 3%

3. Development plan ana schiedule 2% .

4 Definition of user requirements 15%"
.S Definition of user requirements - 10%
6. Initial system development 3%
7. Small scale demonstration 2%
‘8. Small scale test and evaluziion ' - 3%
qQ, Final system devéfopment 22%
10. Installation 10%

Final ihtegratioh- making chianges to obtain user acceptance  30%

Note: Steps are in order, but are largely iterative

% Total Time

Table 5.4 Development Time Frame for IMIS

the concept of stored prograins and an architectural
structure that remains the basis of computers today. Thiz
architecture has some basic features:

e Single Mémory
. sequenuaﬂv addressed
* common storage of data and program
~* unidimensional

* No hatdwarc distinction bctwacn data and

mstrucnons

* No hardware meaning of data

" "When von Neumann proposed his amhiteaurc.. many -

hardware limitations shaped his decisions. These con-
straints no longer exist, but his architecture has persisted.
There is considerable momentum building in the area of

- parallel computing, but even this cffort is based on paralldl

von Neumann architectures. The principal reason for the

persistence of this architecture is the need for backward -

compatibility. In othér words, the need for old programs

to run on new computers. During any given generation

of computers, there is a considerable investment in soft-

- ware. Itis undcsirable to lose this investment every time
a new computer is ficlded.

The reason for raising this issu¢ is that a coraputer’s
architecturedrivesitsinkerent functionality and theamount

of software effort nacessary to ach.ieve otherfunctions (i.c..
not processing speea). A pritary characteristic of thevon * -

Neumann architecture is its generalicy. All application
characteristics must be specified in the software. This is
true no matter how many MIPS a particular generation of
~omputers can claim. One example is the' constraints
rela-ed to memory allocation. Computer programs must

“explicidy account for all anticipated memory needs. Ifa

description is going to be associated with parts in a parts
tracking application, a field must be defined for the
description. Theiength of the fielil is fixed in the software,
for example, perhaps 20 characte rs. Once this is done, 20
characters worth of memory will be allocated for every

- description. Even if a part has a shot description, it will

be stored with 20 characters worth of memory. Ifa part
has a particularly long description (perhaps longer than
anticipated during software design), its description still
has to be limited to0 20 characters. Additional fexiblity
could bcaducvedbyscmngas:det&()chmcters ofmcnory,

but memory is expensive in terms of purchase price and

slowing down processing rates,

" Even more important than = =ory allocation is the

procassing limitations associate.  _n the Von Neumann
architecture. ltis often noted that computers process 1's

* and 0's, but what does this rcally mean? The 1's and 0's

represent-numbers in binary fo~r t (i.e.. 0101 is equiva-
lent te 5). All of the processir ; done by the computer
revolves around manipulading binary numbers. Thetc are
only a few ways in which numbers can be manipulated by

computers. 'sand 0's can be added rogether, compared,
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decremented (or incremented), shifted (left o, right),
transferred and accessed from memory. Other arithmetic
or logical tunctions can be achieved by adding several
flavors of memory anu instructions for combining the
basic operaticns. Using these basic functions, computer
programs can carry out an enormous variety of applica-
tions. However, the point is that computers only work
with numbers, and there are inherent limitations to the
non-numerical capabilities of computers. The numbers
-being manipulated might represent “numbers”, but nor-
mally they represent various elements in the application.
Computersdo notinherently “know” anything exceptthe
meaning of numbers, as a result, everything else needs to
be explicitly predefined in the software. For exarple,
computers might represent an aircraft with the number
37889 and a wing by 98843. If the application requires

. knowledge about the relatior.ship of aircraft and'a wing,

this must be explicitly stated in the sofrware by other
numbers. In contrast, the representation of ai.craft and
wings utilized by humans inherently represents their
relationships. Once a human understands the meaning of
“aircraft”, they inherendy understand wings. Therein lies
the fundamentai weakness of computers: everything and
all relationships must be explicidy defined. Thisis notto
say that all relationships cannot bedefined, but thatdoing
so is very often an enormous undertaking.

The resulti. that less expensive, more powerful computer
hardwaredoes not necessarily warrantapolication of more
computers in aviation maintenance. The largest task
involved inapplying computersis independent of process-
ing speed, it is explicitly understanding and documer:ting
all of the information necded to accomplish the aplica-
tion. New techniques beir3 are identified to facilitaie this
process. Standards are increasingly being established to
facilitate the reuse and portability of software. Compute.
Aided Software Enginecring (CASE) tools are furtt.er
increasing the productivity o1 programmers. Artificial
Inteltigence is an example of a software technology that
makes efforts to develop human reasoning applications
more productive and well defined. Expert System and,
Database technologies also fall into the category of ap-
proaches to make the software process more productive.
Non=-the-less these technolegies do not change the fun-
damental need to define all apphcaﬂon elements :md
relationships explicity.

Solutions based on computer technology must also ad-
dress security, configuration, and the threat ot computer
viruses. Passwords usually provide sufficient security, but
conﬁguranon canbea major challcngc Theprimary issue
" is that, vnce a program is written and. distributed to
different Jocations, each location can make changes in the
software. The result is a variety of versions of the software

and some confusicr. Asa result, it is normally necessaty

to have a configuration manager to track the integrity of
the code. Computer viruscs are more of an unknown.
These are software programs that can sabctage applica-
tions and stored information. Viruses are primarily a
problem for computers that communicate with remote
locations, but the possibility of overt or accidental cen-
tamination is alwayz possible.‘Techniques and expertise
exist 10 address theseissues, butaall of these issucs represent
additional considerations involved in computer applica-
tions.

5.4.33 Ardficial Intelligence

Antificial Intelligence (Al) has achicved “buzz word”
status, and is requently advocated as the heart of automa-
tion systems of the future. Although Al has not produced
a machine that can think, the field has developed several
new oftware development techniques. Expert Systems
are the most successful example of these techniques. The
aim of research in Al still includes the pursuit of machine
intelligence, but forpractical purposes, few believe this will
be achieved any time soon. Al does have some applica-
tions in aviation maintenance, but it is imporrant that
these efforts are initiated without any illusions about
machines becoming intelligent. Al is warranted if an
application would benefit from “human-like” reasoning,
Al provides a structured methodology for incorporating

this reasonirg into programs. Remember, however, that
all elements and rdanonshxps must be specified, comput-
ers do not have intuition. Itis helpful to keep this in mind
when assessing the feasibility of 2 particular activity. The
more information (knowledze) necessary to carry out the
apphcatlon the more complicated, rime consuming, and
expensive the project will be. This includes knowledge
thar seems obvious to humans, such as the relationship
between an airplane and a wing. Nothing is obvious to
computers!

The ficld of Artificial Intelligence has developed struc- .
tured methodologxcs for accomplishing several types of
capabilities. There are techniques for voice recoguition,
speech understanding, computer vision, text urderstand-
ing, rouotics, and decision aiding. Researchers continucto
work on automatic programming and learning. Allh
capabilities f1r short of humans and require major deve -
opment efforts. Forthe most part, itwill remain cconomi-
cal to utilize humans for applications that require humar
capabilities.

5.4.3.4 Expert Systems

Expert Systems now enjoy wide popularity. Expent
Systems achieve intelligent functionality in a straight
forward manner. They are based on “if-then” rules. For
example, “if the object is 2 747, then it has wings”. The
heartof expertsystemsare rules that address every relation-

116




Joo Perdormance Aids

ship of interest in the application.  While the .:orccpt
sounds simple, developing an cffective approach to imple-
menting these systems tock considerabie ume.

The process is row facilitated by the usc of software

mckabcs calied “expert system shells”. Developers no
longer nexd w0 spcnd large amounts of time coding the
structure of the expert sysiem. These packages normally
contain develepment environm=nts that facilicate budd—
ing the knowkcag" base and designing a user interface.
There are mazny shells on the market o suit different
neads, but large complicated 'expert systems are often
customized. Shells have limitaiions of funcionality and
flexibility, but shere are fow (if any) aviation mainienance
applications that can be implemented cost effectively by a
CLStOM eXpert system.

When a sheil is utilized, roughly 50% of the effort is
planning and documenting the knowledge 10 be repre-
sented by the expert system.  Figure 5.1 shows the overall
structure of an expers system. “This process requires two
kinds of pcopu. oicis fmqucntl) labeled the ™ know‘cdgc
engineer” and the other is the domain expert. ki s the
knowledge engineer's job to develop the m)cs thatvlibe
the basis of the expert systom. Thisis as much ot an 2 as
ascience, sipceitis never possible to besutethe krowledge
iscomplete. Domain expertsdo not readily think internes
of cxplicit rules so these need to be drawn from answers to

questions.  Expert systems can not be developed from
technical manuals, live expents are needed. Much of the
power of an expert’s knowledge is in terms of nuances that
are not conuained in manuas. '

The proczss starts by assessing the types of issues that will
be encountered by the final product. Likely scenarios are
identified, and the expert is asked how they might respond
to a given scenario and why. The difficulty is that there is
no way of knowing for sure if all scenarios the operazional
axpert system will experience have been addressed. Thus,
it is never possible to know if the rules obtained from the
expert are sufficient. Unfortunately, as with most tom-
puter applications, changes once the system is o >eratir =+

_are not easy. The reason is that rules entered into v
program are written in terms of models of the syscem and

_ possible interaction between the elements of the system.
Adding to the existing rules is not a major undertaking
but, ifthemodel must be changed, it can have implications
for many rules.

[tis =c2 puosible to know how the system will respond in
ant operational environment because only known sce-
narios can be tested. This'uncertainty leads to a critical

iterion for determining the feasibility of an expert
system. The problem has to be very well defined. The
success of the project will be further jeopardized if the
problem is not rigid and changes during the project cycle.
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The final expert system is-usually implemented with a

menu interface. The user navigates through the system by
SCICCnng items on mecnus. DaIa s Cn[cf“i ina Slml[ar

manner by selecting one of several passibilities offered by.

the computer. The interfaces are becoming more graphi-
cal and intuitive, but the computer still only understands
numbers. The software associates cach clement in the
menu with a number. For example, if the observarion to
be considered is that there 1s a “blue stain on the fuselage”
it would be too difficult for the scfiware to associate a
number with cach of the words. In addition, there are
numerous ways in which the same message can be con-
veyed in natural language. This problem is avoided by
creating menus of options, each of which is assigned a
number. Thisisan additional limiting facter, since it may
not be. possible to know ahead of time all ofthc possible
conditions that should be addressed in menus.

Once an initial question is asked by the user, the expert
system will prompt the user with questions until it has the
information necessary to satisfy the rules. The rulesinthe
expert system are normally given associated confidence
factors. For example, if two conditions exist there is some
amount of confidence that a thind condition exists. This
information is presented to the user along with conclu-
sions and the list of rules that were applied to reach the
conclusion.

One of the steps of expent system development is the
thorough documentation of knowledge in a panticular
area. This can be 2 uscful product in itself if an expert is
nearing retirement. Thisis not an unusual situation, since

the expertise we value most is that gained over alife time.

The aviation maintenance industry is facing the retire-
ment of a'large percentage of its work force over the next
decade. Expert systems might be warmanted in some
specific, well defined arcas.

5.43.5 Databases

‘There is a scienee to collécting and maintaining informa-

‘tion with computers. The primary task is to ensure that

information will be readily accessible when it is needed.
Numerous software packages are available to facilitate this
process for mast applications, including packages specifi-
ally designed for aircraft maintenance.  The task of
database development involves three steps. ‘The steps and
percentage of total time required are listed below:

Planning - 30%;
Im;" . mation 60™%
"Data entry 10%

‘The mast deterministic step is the data entry effont. If you,
can aswss how long the data entry will 1ake, it pives you
some klca of the magnitude of effortinvolved in the other

steps. 'ihc.imph:mcr stignstageisa maircroﬂcarningxhc
pammlarsoﬁ\&arc package involved and carrying out the
steps required. ‘The planning stage is the most critical and

. the least defined. Databases are essentially made up of

numerous small databas with links between them. The
planning process involves predicting the characreristics of

: allofthct)pcoﬁn’fomazion thataretobeincluded inthe

darabase. Inaddition, all the possible uses of the informa-
tion need to be known ahead of time. This is usually done

by developing input screens and reports w.lh the help of
 the user.

The pcrson that enters information into the databise,
enters information into one or more ficlds. These ficlds
a)mspond 1o the possible classifications of the 1 informa-
tion. The ficlds explicidy link the new information to

information already in the database. For example, a
. maintcnance datahase mighthavea field for part number,

aircraft rype, part description, quanticy available, or other
designations. The number of ways information can be
accessed is afun _tion of the number oifickds, but cach field

- takes data entry time and the number of fields should be

minimized. The final databascis the developer's interpre-

" tation of the user’s noads. For the interpretation to be

accurate, developing a database requires carcful commu-

" nication between the user and the developer.

As with other efforts to implement technological solu-
tions, it makes sense to start «mall. A demonstration
database should be built to test assumptions and obtain
additional input from the user. Databases can not be casily
madifiad once they are complete, so it is important that
the process not get toa far ahead of the user (i.c.. entering
vastamountsof datawithout obtaining uscraucpmmcof

the approadn)

“There are other considerations once the databasc is com-
pictc. Data entry should be carcfully controlled to main-

tain’ the integnty of the information (i.e.. two people
éntering different versions of the same information).
Once again, major apmcmons are likely to nood a

specialist to support and maintain the database.

5.4.3.6 Peripheral and Supporting -
, Technologies

Storage media. Data storuge is currently .v.mmplnh«f
with magneticandoptical technologics. T he vast majority
of memory deviees use magnetic technology, for examy le
Roppy disks, hard disks, 1apc, aassetie, and maost muain-
frame memory peripherals. "The major advantages lie in
its cost, physical size, power requirements, and w;r{\i in
J(u“mg data, lnduury manufacturers mnh as Conner
Peripherals, Seagate, and Toshiba continuously identify
cnhancements. -
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Optical Technology, which is used in compact disk read-
only memory (CD-ROM) and write once read many
(WORM) systems, is relatively new. The major advan-
tages of optical storage technology is its large capacity and
the reliability of the data (i.c.. it is not as susceptible to
magneti ficids or physical contamination). The major
disadvantages are in dara access times which are long due
to data file format and the lack of standardization found
in WORM technology. Inaddition, thehardware is more
expensive than that used with magnetic storage mediums.
The advent of rewriteable optical storage based on mag-
neto-optical technology, may increase the utility of optical
Input methods. Thekeyboard remains the primary input
device for computers, however, a number of other options
arebecomingavailable. Theseincludetouch-screen, voice
recognition, mouse, bar code readers, stylus and hand-
writing recognition software. Touch-screen is currently
used in applications such as manufacturing environments
where keyboard input is not feasible. It is mainly inte-
grared in CRT displays with some usc in flat-pand
displays. Voice retognition systems have made consider-
able progress to the point where vocabularics of 60,000
words have been achieved. The systerus are probably sill
not practical for the maintenance environment for cost
rcasons, their tendency to require weords to be repeated,
and the problems caused by extraneous noises. Dataentry
by mouse or joy stick is rddatively routine. Barcode readers
are finding increasing application. TWA uscs bar code
technology to track labor and pans. The first commercial
portable computer to accept handwritten input is ex-
pected in December 1991, The hardwar for this system
will cost around $5000 and there are a numerous con-
straints about how the handwritten inputs are made;
however, handwritten input may eventually be uscful for
specific maintenance ‘activities.

. Output methods. There are several display !cchn(;logic,
induding Cathode Ray Tubs (CRT), Flat-pand, and

miniature displays. CRT, display technoiogy has pro--

“gressed from monochromc. low resolution displays to
» multi-colored, high resolution systems as the industry

standard. Current trends indicate resolutions will con-
tinue to improve for greater picture quality. Flat-pand

displays offer a low-profile alternative to the CRT. The |

three major technologies offered in flat-panct displays are
the liquid crystal display (1.CD). the gas plasma display,
and the clectro-luminascent (FL) display, . The major
challengeindeveloping these displays isto make thescreen
readable in virtually all ighting conditions, at high resolu-
tions, and produce it at reasonable costs. Currendy this
flexibility is still dusive. This is complicatad even further
if a color screen is dosi sl Currently, displays are being:

preduced in all three rechnologics with the LCD technol-
ogy dominating most of the flat-pancl market (t.c.. for PC
laprops.)

A flat-panel display technology currently under develop-

ment is called ficld-emission displays. They take advan--
tage of the basic principle of the CRT, but rather than

using a bulky, high voltage electron gun, it uses a micron-

size cone-shaped structure called a “field-emission cath-
ode” which an produce the same results as a CRT, at

much lower voltages.

A display developed by Reflection Technology called the
“Private Eye” is wern by the user on a headset. It is a
miniature display (1x1 inch) that is placed in front of the
usersdominant eye,and creates theillusion ofa full {(10x12
inch) display. It costs around $600, but it is not yet
practical for aviation maintenance. Use of the system
demonstrated that the head set is awkward and keeping
the display in the right location for viewing requires
constant artention. In addition. looking at the display for
any length of time becomes uncomforable.

Printers increase in quality and become less expensive cach
yaar. . Printers remain the principal form of computer
output. Voice synthesis as outpus has found snme appli-.
cations in telecommunication systems, but are as yet too

cxpcnswc and inflexible to be applied in more than a few

. aviation maintenance ZCUVIUG

5.4.4 Implementation Guidance
5.4.4.1 System Integration

This section- relates lessons lcamed from a decade of
lmplcmcnung technology in aviation maintenance and
other applications. Technical functionality is normally
the focus of development efforts, but experience demon-
strates that Human Factors issucs are the principal barrier.
tosuccess. Humans remain the engine for most complex
systems. For example, even automatic test .oquipment
(ATE) is dependent on humaris for planning, design,
manufacturer, installation, and maintenance.  Aircraft
maintenance in thirty years will be different than today,

~and automation wiil certainly have a larger role. The -

question is how do we get to that future system with a
minimumoftnaland error? The answerscemsto favor the
", Development efforts 1n the
1980s demonstrated that implementing new technolo-
g£ics is an expensive ahed .arg,clv experimental process,

“tontoise”™ over the “hare

Onerall, the findings indicate that unless an organization
has the rvonrees toexperiment with technology, it should
wait for others 1o work out’the “bugs”. If 4 system

119




L
&

Chapter Five

development projectis undertaken, it should bedone with
“eyes wide open” and not based the fact that it is “techno-
logically feasible”. There are numerous lessons to be
learned from past efforts on this account. Finally, it our
finding thar for the foreseeable future, humans will remain
central to maintenance, and implementation of technol-
ogy should be centered on supporting human activities.

5.4.4.1.1

There are numerous reasons for needing asystemand even
morcﬁmcnonsthcsystcmanpcrform butonce manage-
ment recognizes the need for a system more details need
to be considered. Table 5.5 list the rypical steps in a
feasibility study. Many early systems were developed
without sufficient input from the end user and, n sorme
cases, the final system was rejected (or ignored) by the
users. Maintenance organizations are now very sensitized
to the importance of incorporating user requirements.

Large airlines have internal data processing departments
and some large and small airlines use consultants to help
in systern development. The process requires a close
working relationship between user and system developer.
Often user organizations are surprised tolearn that system
development requires the full-time nvolvement of oneor
more staff members, and the pan-time involvement of

Planniag an Automation System

Once a team has been assembled from the two groups the
planning can begin. Three types of information must be
obtained during the planning process. The first is deter-
mination of system requirements and the functions the
system will pcrfonn The objective might be to comput-
erize the current system, in which case research is probably
neaded te identify existing types and flow of information.
Requirements might also gu beyond the current system in
specific areas. It was noted that ineffective manual
approaches remain ineffective when done on a computer,
thus existing approaches shauld be carefully scrutinized
before they are computerized. The requirements process
might also involve 2 number of visits to different locations
to assess what others have done.

Once the requirements of the system are determined, the

" ‘approach for implementing the requirements is devel-

oped. Naturally, itisdesirableto buid on existing systems.
The approach should be divided into modules that can be
developed and fielded incrementally. Benefits should not
wait for the entire system, each module should add value.
Anticipated screen layouts and repornt formats might be
identified at this stage. The next step is to bring the
requirements and the design concept togcthcr in an
implementation plan.

This is the stage that requires the closest cooperation

Note: The steps are listed in the order that they will be carried out, however,
most steps are iterative in nature.

- many suaff. betwesn user and developer.  Numcrous tradeoffs are
Example Feasability Study
Step  Description ! % Total Time
1. Rapict needs assessment o 5%
2, Survey of management suppért & team building 5%
3 Airline 7nalysis- existing verses needed resolrces 10%
4. Definition of requirements 25%
S. Definition of approach to design, 20%
6. Reassess requirements and design with users 10%
7. " Justification - benehts - 5%
8. Justification - costs , 10%
9. Overall development approach 10%
10. Report - written and oral presentation ongoing

. Table 5.5 Steps Involved in a Feasibility Study
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always needed to make implemeniation feasiule. Users
need to ensure that priority of various functionsare known
by the system developer. Otherwise, facilitating hardware
and software development will drive trade-offs and the
result may not be acceptable to the user.  Once the
planning stage has been completed, it is possible to make

a mere realistic assessment of the advantages of automa-

tion. Cost estimates should be balanced with promised

benefits.
5.4.4.1.2 'Human Factors _
The objective may be to implement technology, but the

succsss or failure of system integration very often comes

down to Human Faaurs issues. The development task is
basically one of reconciling the needs of two groups. The
groupdeveloping the system knows what needstobe done
to achieve a particular functionality. The group that will
use the system knows what functions they want imple-
mented. Unfortunately, approaches that are easier for the
developers often produce unsatisfactory results fortncuser

and vice-versa. Thetradcoffs must be negotiated between”
thegroups and there-in lics the Human Factors challenge:
The groups have disparate languages and perhaps evon':
disparategoals. Thesystem developeris usually judged by -

the cost and the rate of development progress, and the
user’s focus is on maintaining aircraft. The process re-

quires constant communication berween these groups.

The user is usualiy interviewed to determine his require-
ments, but unless there is a constant exchange of informa-

tion, the final product ends up being the developer.
interpretation of what the user needs. Thus, a primary -
lesson of cforts todate is thar there is a need for increasing -

consideration of human factors in system dosign. A
paradigm that centers system integration ou humans (end

users and those that panticipate in system development)
and n~t on emerging technologics is warranted. ‘Thereis

an cnhanced awarenéss of the need to focus on the user,
but the current paradigms still focus on technology.

. 54.4.13 Alternatives

The least ca"tpcnsivc Qpproadﬂo implementing technal-
ogyis nottodoiratall. Drganizations can get hooked into
competing based on who uses the most advanced technol-

ogy, but given that the product is aircraft maintenancethis |

can be an expensive diversion.  Implementation of tech-
nology is riot the only avenue for addressing the increased
complexity of aircraft maintenance. The rescarch pro-
eram on MHaman Factors in Aviation Maintenance, of

which this technology study is a part, is designed to -

develop approaches to make more effective use of the
human resources. Peak human performanceisa function
of a number of facters and current management tech-.
niquesdonotaddressthem all. Quality Circlesand similar
employec involvement programs were a start, but there is

a need for additional creativity in increasing worker

- production. Aircraft maintenance organizations focus on

the.factors that make humans capable of doing the job
(training, tcols, support equipment), but many do not

. adequarcly address factors affecting human willingness to

do tasks -(participation in decision making, economic
incentives, recognition programs).

Alternarives should be considered before system develop-
ment is attempted. The availability of new technologies

is not in itself a reason to implement technology. One

* tactorthat characterizes successful use of technology is that

they are in applications where there are no alternatives.

_Examples indlude systems thar support on-condition

maintenance of aircraft engines and tracking parts.

5.4.4.1.4 Systcm Development

If there are no alternatives and the decision is made to
. implement atechnological solution, therearea number of

things to consider:

1)  Itis never easy the first ime. Ifan application is
- particularly suited to a technological solution,
there will eventually be rumerous off-the-shelf

packages available. If the proposed application is |

thefistofits kind, beware. Systems are built from
numercus individual technologies for everything
from wire to metal cabinets. Thesystem is depen-
dent on all of these clements working together.
Failures can occur anywhere.  Successful imple-
mentation of tachnology requires explicit consid-
cration of cvery possible outcome. Once similar
systems have been built, knowing all of the pos-
sible things that can go wrong is easicr. One way
toaddress this is to build asmall scale version of the
application and test assumptions.

2)  Usethemostexperienced talentavailabie. Noth-
ing replaces experience when it comes to develop-
ing complex technical systems. The experienced
person will cost more hourly, but the job will be
completed much more thoroughly and rapidly. If
experienced help scems to be too expensive, it
should raise questions about whether there is
sufficient resources to undertake the task at all.

3)  Whatever can go wrong will go wrong. Cancel-

: ing a project because of problems encountered can
be very disappointing and expensive. The project

should not be initiated without recognizing that
numcrous difficultics will be encountered. The

* difficultics will be proportional to the maturity of
thetechnology and the experience of the individu-,

als involved. Installing dedicated ATE from a
manufacturer may have a fow unexpected prob-

lems, but internal development of unique ATE
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4)

5)

6)

which incorporates voice recognition cait expect
many.

Requiremcmr; should b= specific and rigid. In

effect, system Zevelop' :ntrequires predicting the
anticipated vse of eq pment and the operating
environment. [hisisn arly impossible as applica-
tions become more ge: =ral. Avoid thetendency of
requiring equipment o be more general in order
tospread thedevelopm-ent costsacross more appli-
cations. Rigid requirements are necessary, since
changes become more expensive to incorporate as
development proceecs.  Figure 5.2 illustrates the
increase in cost as the project proceeds.

" The system should be fiddded incrementally.

Each clementshould add value, and thechangesto
thecurrentapproach should be made slowly. This
permits an ongoing process of cvaluation and
enables users to provide inputs and become accus-
tomed to the system. Waiting until all resources
have been expended is not a good time to discover
the success or failure of a system.

Assume technology will continue to change.
The three or four year cycle needed te implement
technology corresponds with the three or four year
cycle in which major new technologies are devel-
oped. The result is that by the time a program ro
implement the last generation of technology is
done, a new gencration of technology will be
available.

5.4.4.1.5 Maintenance Automation

Automation system development is normally controlled
by data processing personnel. The userswill usually assign
one person to & as a fiaison to insure their interests arc

incorporated. Problems can arise in several areas. Tech- -

nological considerations that simpiify system design are
often incompatible with features that simplify use. The
computer’s affinity for numbers versus human affinity for
symbolsis in sonstant conflict. Unlessthe design team has
considerable experience in the application area, they very
often under.stimate the effort required. When deadlines
approach, user requirements are vulnerable.

Neithergroup mayhaveastrong understarding ofhuman
factors considerations, and human factors specialists arc
often not a part of the design tcam. Approaches that
facilitate the incorporation of human factors exist and
shouldbeconsidered. The MANPRINT (manpowerand
personnd integration) program at the Army has devel-
oped a very specific process to incorporate human factors
considerations in system intcgration of large systems.
They have also accumulated over 70 resources that are
available for addressing human factors, including the

following (Booher, 1990):

¢ Analytic Techniques
* Computer Software
- Data Bases
. * Handbooks/Guides
* Military Standards/Specifications

It Pays to Detect Software Errors Early

PRELREMAARY DETAILED CooE-
| DESIN O£310M oEsvo

PHASE IN WIHCH ERROR 18 DE TECTED

INTEQRATE VALIDATE OPERATION

Figure 5.2 Cost of Correcting Software
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Maintenance dara processing profcssxonals and managers
lcarned the following from experience:

Ensure user involvement and support during all
phases; there should be no surprises in the end.

It might cven be necessary to ensure the users have
a r&lxst ic knowlcdgc ofthc challenges of the process
to avoid excessive ex')cctanons

Do nat chase the latest technology, and be conser-
Lative on the number of functions automated.

The definition of the functions automarad should
be very precise.

Design in flexibiity and anticipate future needs.

Build the system ip an incremental manner whete
-each ‘module @n return value as soon as it is
" complete.

Do notlose sigh of the fact thar maintenance is the
_ mission of interest and computerization shouid
" not become an end in itself.

Theoriginal ju»tiﬁc:u;}»n ofautomation systemscan
oc losi in the “beai” of implementing the system
Evaluations and expectations should bc verifiad on
a continuous basis from pmpusal throughous the
life of the system.

54406 . User Requimnelms

It has not been productive to compel humans to use
automation systems, thus success depends on obzaining
user acceptance. Tl problem does not seem to b a

general reluctance to use technology, but resistance to
systems that do not have adequate utiiity. System devel-
~opersare now well sensitized to the imponance of consid-

ering the user, and will always claim advocacy of user

need:  The problem is that addressing the users needs is
not easy, and simply asking uscrs what they want rarcly
suffices. The users know and understand the current,
approaches for getting the job done, but not to the lével of
detail needed for computerization. In anycase, if the most
appropriate approach is different from the current ap-
proa: h, users may not be the best source for requirements.
The criterion of “user friendly” might suffice as an objec-
tive, but is too vague to be a useful daign criterion.
Developing a system’that addresses user requirements is
difficult not only because user requirements are hard to
define, butbecause technologies can only be implementd
in a limited number of ways. Implementation must be
accomplished within a long series of constraints.

Achieving user acceptance requires system developers to
take a broader view of design objectives. Thesystem must
be designed to achieve functionality so that the human is

capable of using the system to achicve a task, bur addi-
tional considerations are necessary before hum.-1is will be

willing to use the system. Much can be accor ..ished l"
simply asking, as long as the devclopcr is wulmg and abl
to give priority o even scemingly m.nor consideraties
The dssign should account for the foliow ving:

Control should remzin with the user. Humans are
rateraliyuncornforta! "¢ insituations where they do
NG HAVe L oot over rJf(:,:"cﬁs In most cases this i«
sotjuve wi o, bat the frust ration that resulis

from identifying a morz officient appmacn and not

Lwr‘gr able to enact i,

Gaining uscr input shouid be miore than a one step
process at the project’s beginning. Oftenusersdon'’t
know what they reaily want or need and don’thnow
what is possivle User oput must be an interactive
and tterative process expliv .:E"crhc.’uhd i Bvain

ared (hmu:.,hmxt the davelosment stages. Involve
users in the deciion waits pnx ¢ss when Consi-
ering alternaiives and opeons. Let users test the
pmwwed system and sew f they really like the
approach. Often tie u crdoa not, for reasons the
were unable  predict iom a conapt dCSCﬂp(mu

tHumans should not be expected to assimiate vast
quantitizs of data or information. Computers have
the capability to keep vast amounts of information
on-line, but the informarion should: not be pre-
sented to humans all at once.  The challenge of
serving as a source of infurmation is not just to
provideaccess, butto provide rapid access to needed
information and nothing more.

Singledata entry should serveall parts of the system.
Data entry is a “bortleneck™ for cotnputer based
systems and is made worse if disparate systems can
notsharedara. Applxcauonsth.u:u'cmputoroutpm

_intensive should be avoided.

Systems should provide tangible benefits for the
work force. It scems obvious, but there should be
some clearbencfitin using thesystem. Ifthebenefits
arc in terms of greater profitability of the organiza-
tion, then that should be communicated to the
users. Humans are naturally rcluctant to use sys-
tems that increase their workload with no dear
benefits.

Computers should serve humans. Computer sys-
tems depend on humans for data cntry, mainte-
nance, and upgrades, so it can start to be confusing .
who is scrving who. Humans usually need to adapt
 their approach to fit the computer. The use and
benefits of computer systems should be dearly
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stated and clearly demonstrated, so that humans

will know why they should want to adapt.

Users should be allowed to optimize the system.
System development may end with a werking
system, but there are always enhancements 1o be
made. Users arethe bestsource for identifying these

enhancements.

There are several general considerations that apply

technology in commercial aircraft maintenance:

Cost - few maintenance organizations can afford to
pay forthedevelopment of new technology applica-
tions. Some can afford to purchase systems devel-
oped by others. In any case, the vision of every
technician 'walking around with a portable job
performanceaid is some timeoff, unless the benefits
become more tangible. A system that provxdcd
access to mainteiance manual information would
be worth less than $100/technician in tangible

benefits.

Hostile eavironment - technology is
fragile, and making it durable can be
expensive.  While most maintenance
activities are not greasy or done in the
rain, things do get dirty or dropped.
Experience with microfilm readers and
computer terminals demonstrates du--
rability is important.

Information needs of technicians- the information

T

(o]

needed by technicians is not easily quantified. Itis
not simply a marter of placing technical manuals -

on-line. Technicians need numerous types of infor-

mation:

* Location of tooling and fixtures
* Work completed on previous shift
* Location or arrival time of aircraft
* Relative urgency of repair
* History of particular aircraft
* Remote effects of local actions
* Alternative repairs
- @ Procedural nuances

Portability - given current per user costs, it is likely

that systems will have to be shared between many |

technicians. As a result, they need only be located

in a central location.

Graphics - Graphics are expensive to display and
store, so there is some motivation 0 minimize
them. However, xllusrmmg what has to be done is
much moreeffectivethan text instructions. sograph-

ics are essential to user acceptance.

Training - All new systems will have implications
for training. These should be anricipated and
planned. Training will Have initial and ongoing
elements.

5.5 RECOMMENDATIONS
5.5.1

This research is part of a larger nswdx program on
Human Factors in Aviation Maintenance Inspection.
The interest is in strategies for enhancing current practice
that might not be apparent from the perspective of
maintenance professionals performing their day-to-day
duties. Therecommendations that follew are based on the
first phase of Job Performance Aid research. The last two
phascs of research will demonstrate, validate, and develop

approaches to implement the recommendations.
5.5.2 Recommendation 1 |

Make more effective use of human resources and realisti-

cally examine the utility of rechnology.

Overview

'55.2.1 Description

Additional consideration should be given to 1pproaches

* that use human resources more effectively before new

technologies are implernented. The process of fielding
technology is largely experimental, and although initially
appealing, it often requires more resources and preduces
less satisfactory results than anticipated. Fielding technol-
ogy is important for long term competitiveness, but it is a
long and expensive process. It is nota practical alternative
to making more effective use of human resources today.
Management of human resources should use a broader
perspectivewhen considering theissues involved in attain-
ing peak human performance. The current focus is on
clements that make humaas capable of performing the
work, but tl.ere areother considerations such as obtammg
their willingness to do the work: |

* Clear and concise goals
* ownership
* cooperation
* Job satisfaction
* recognition of contribution
.# realistic expectations
, * adequate working environment
* Respect, trust, and loyalty
* Compctence
. physical

* cognitive

Fewwould admit toplacing more faithintech nologythan
people, but the research demonstrated that low tith in the
capabilities of humans was a large part of the miotivation
for system development. There is some discomfort with
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addressing issues such as job satisfaction, and technology
appears to be more predictable. However, if humans are
used more effectively and technology is viewed more
realistically, a different picture ariscs.

Research in this area and others addressed by the Human
Factors in Aviation Maintenance and Inspection Re-
search demonstrated that there isapotential forincreasing
human performance in aircraft maintenance. The un-
tapped rotential of existing human resources should be
utilized and existing techuiologics should be completely
integrated before new systems are ficlded. Experience
demonstrates thateach new system introduces unknowns
into the maintenance process,

5.5.2.2 Interventions

Maintenance managers 1re often too busy meeting the
demands of the day-to-day maintenance cffort to have
dmeforreflection onalternative appreaches tomake more
effective use of human resources. Changes can not he
initiated bottom up, and no one person can change the
philasophy of an organization. Affecting changes will not
v casy. ‘Vhe Human Factors in Aviation Maintenance
rescarch effort is designed to increase awareness fiom the
rop(.own Onceirs recognized that further consideration
of human factors might provide avenues to achlcvmg
more effective use of human resources, the next step is to
test the idea. A pilot program can be initiated to provide
a.modcl of how human factors can contribute 1o the
maintenance effort. Perhaps work on a particular type of
aircraft or particular chop can serve as the test case. ‘The
cifort should be carefully planned and the expected ben-
efits should be tangible to indlude the following:

Reduced turn-around time '
Increased qualicy '
Reduced parts costs

‘5.5.3 Recon"tmmdau'on 2

Avoid {iser acceptance and system utility problems by’

centering system development on humans.

5.5.3.1 Description

, A decade of user acceptance problems: has led to an
enhanced sensitivity of user needs. No developerwill risk
being perceived as insensitive to the user. However,
sensitivity docs not mean developers know how to effec-

tively incorpoiateuserneadsin system design. lmplcmcn-

tation of technology is stili casier if the user is 1gnorcd
Devclopers need the expertise, resources, and staying
power to end up with a system that is compatible with
humans. The expertise exists, but a shift in thinking is
needed (to insure future systems will be acceptad by the

user. The perspective needed is one that centers system
development on humans.

Many claim to work closely with users during system
development, but not all are successful. Implementation
decisionisstill tend tobedominated by agiven technoiogy’s
facility forachieving a given function. For example, most
on-line work card systems do not incorporate pictures of
thetask described, because graphics are memory intensive
and much more difficult to create than rext. Perhaps,
work-arounds aan be identified such as pasting in graph-
Ies, after the fact, but this leads to other difficultics. For
example, if the graphics and text come from two sourczs,
the terminology may not correlate sufficiently. A system
development perspective centered on humans might fead
to a decision tJ hold off putting work cards on-line untii
victures can be adequately incorporated. Care should be
addresed to clements that scem to be minor inconve-
nicnees. Parts are no lenger tracked by their name and
description, but by numbers. Iftwo parts look simil and
have similar numbers, technicians might use a part with-
out taking the time to track down the descriptions thac
indicate why the parts are not interchangeabls.

In other words, once the condusion is reached that more
effective utilization of humans is not sufficient for a
particular problem and a technology solution is war-
ranted,humans should not be forgotten. So far thereis no
structure to insure this. This process can be facilitated by
establishing up front that humans (users) are moreimpor-

‘tant than technology. The process should revolve around

helping humans maintain aircraft, and nottheexistenceof
a particular emerging technology. Tradcoffs during the
development process should carcfully consider the tech-
nological alternatives for increasing the utility of the
system for the human users, and should not be dominated .
by eliminating functionality simply because it is techni-
cally inconvenient to implement. The reverse is also true;
functions should not be added because they are techno-
logically convenient. Developers and users should have

shared goals.

5.5.3.2 Interventions

bBocing Corporation has taken the step of assigning a

maintenance expert 1o a leading role in the development

" of their next generation aircraft (Bocing 777.) This

individual has the dout to insure that case of maintenance
is a primary consideration in system design. Bocing was
motivated to do this to increase customersatisfaction with

theirproduct. Equivalent sreps can betaken in any system

development effort. {tis a marter of establishing from the -
top down that consideration of the uscr is paramount. If

technology has not progressad enough 1o provide an
approach ' that will provide the Funmonahty needed by

s S .
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humans, the develupment project should not be started
until it does.

The Army’s MANPRINT (manpower and personnel
integration) program provides the largest scale demon-
stration of how human factors can be incorporated in
system integration Booher (1990). Their program inte-
grates consideration of human factors into the many

phases of the acquisition process (request for proposal, .

proposal, zward, design, implementation, test, and evalu-
ation.) Consideration of human factors is a primary
componen’ in the award of contracts. For example, a
soldier’s lack of skills can not be faulted for system failure
durin; test and evaluation. Designers are aware of the
solduer's skills during the entire design process, thus there
. no room for this justification. Theinitial apprehcnsnon
of contractors about a heavy focus on human factors is
usually diminished by the end of the process, and the

results have been excellent.  For example, the tools re-

quired to maintain one type of engine was reduced from
140 specialized tools and fixtures to a litde over a2 dozen
that can be found in most homes.

5.6 CONCLUSION

The condusion of the research is that Job Performance
Aid Technology is less mature and more expensnvc than
generally acoepted. Developma applications for new
technology is important in the long term, but in the short
term it should be secondary to increasing the effectiveness
of existing resources, in particular human resources. Tech-

1iology should continue to be applied in areas where there
is no alternative. If a technological solution is chosen, the
development process should center on humans. Most
implementation efforts to date were successful in achiev-
ing a promised technical functionality, but few performed
satisfactorily with the human user. Additional attention
should be addressed to human factors in the development
effort (i.e.. commuaication between developers and users)
and human factors in the application: (i.e.. user require-
ments and compatibility). ‘

This is not the conclusion anticipated when the research |
was initiated. Itwas expected thatasurvey of technologies

and Job Performance Aids would identify numerous
systems that could make important contributions to
aviation maintenance.’ At most, it was anticipated that
some additional guidance might be needed in the design
of the man machine interface. The research rapidly
" demonstrated that while projects were initiated with great
expectations, few sponsors claimed the final product
would have a major impact or were actively pursuing new
development efforts. This is not to say there were no
bright spots, as some programs such as the Air Force's
Integrated Maintenance Information System (IMIS) can

serve as models for future cfforts. Efforts got into trouble

when they underestimated the magnitude of the under-
taking or tried to implemen: technology in place of better
utilization of human resources. Increasing the efficiency
of human resources is a lot more appealing when technol-

ogy is well understood and viewed realistically.

Thecondusion does not reflect thelack of capabiliry of the
system development community, but respect for the
magnitude of the challenge involved in implementing
technological solutions. It is the complexity of technology
that warrants caution in promoting it as a near term
solution. It is recognized that technology will be impor-
rant for long term comperitiveness, however, implement-
ingtechnologyisalong, expensive,and largely experimental

process.

The mission of maintenance organizations should remain
maintenance, and managers should not be lured by the
seeming excitement of implementing systems at the lead-

ing edge of technology. No one expects a better version of

humans to be available in the near future, and advocates -
.of technology can always claim something new and

wonderful is “justaround the corner.” However, commer-
cial maintenance organizations should be pragmaric and
expect technology to be accountable in the same way
humansareaccountable- “what can you do for metoday?”
Organizations should take additional advantage of what is
known about achieving peak human performance. Tech-
nology isgood and important, but itis nota “silver bullet”.
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N,
N,

NO." APPLICATION FUNCTION NOTES'

1 Mechanical systems Data collection ‘Automatic

2 Materials Parts delivery Electrified-monc;ail

3 Avionics ATE Fault isolation Automatic

4 Display Remote operation Helmet mounted

5 Avionics Training for AMT's

6 . System Data Data collection Airbourne

7 Engine Built-in -test

8 . Avionics Data Aquis. diag. Automatic, in-flight

9 Tracks JPA - Portable expert system

10 Fleet Maintenance Analysis Quantify maintenance errors

11 Scheduling Scheduling Airline developed & automatic

12 APU DetectiorVisolation. Flight-line JPA - -

13 Maintenance - Training '

14 Hardware Maintenance Expert system

15 Engines On-conditon ° Airbourne system

16 Components Maintenance ' _

17 ATE Code generation Prototype

18 Engines Diagnosis Software generated prog.

19 Engines Data extraction Vibration data

20 Electro-mechanical | JPA

21 Maintenance Structure

22 Components Maintenance Microcomputer based

23 * Technical Data Paper. transition to Automatic

24 Electronic Cars JPA '

25 ‘Trains JPA Portable

26 Oil Analysis Predict repair’ : , .

27 Tracks Component Efficiency Comm-maint,invent& sched

1128 Engines Cn-condition Portable

29 Avionics Diagnosis Prototype -

30 - | Systems Data S '

31 Test data collection Fault isolation  In-flight & ground operations

32 Maintenance mgmt | Efficiency VAX based :

33 Engines - On-condition Ground-based

34 - Milling Diaynosis , '

35 Milling Maintenance Telecommunications -based

36 A/C emergencies Respond to On-board diagnosis -

37 Autos Support maintenanice | On-line diagnostic tool

38 | Maintenance Ops Troubleshooting Expert-based

39 Maintenance Ops Crganizational COTS equipment based

40 Design Analysis : '
Summary of Job Performznce Aid Sucvey
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41
42
43
44

46
47
48
49
50
51
52
53
54
35
56
57
58
59
60
61
62
63
64
65

66
67

. 68

69
70
. N
72
73
74
75
76
77
78

80

NO.

45

cR

APPLICATION

Maintenance Ops
Engines

Engines
Components

Qil analysis
Engines

Battle damage
Data info ISRS

- Components

Flight control
APU
Hydraulics,
Gates
Engines
Systems

"info

Ins

ATE support
Engines,
Systems
Maintenance
Systems:
Data Link .
Sngires
Logistics
Engines
Flight Data
Hydraulics
Logistics
Trucks
Engines
Maintenance

. Avionics

Maintenance data
Maintenance
Assess fleet
Maintenance
Maintenance

Info

" Info

FUNCTION

Organizational

Diagnosis
Trending &
ATE
Maintenance
On condition
Diagnosis

 Field support

Built-in-test
Diagnosis

Data

Diagnosis
Response
Monitor
Diagnosis

Info & diagnosis
Fault diagnosis
ATE

Diagnosis

Diagnosis
Technique
Data/ analysis
Integration
Diagnosis
Analysis
Diagnosis
Data recorder

Inspection

Planning
Info
Fault isolation

| History
Troubleshoot

Monitor

~Control

Support
JA
Support

Info

Integrate data

NOTES

Knowledge-based

Time & temperature

CD ROM-based
On-board equipment.
Imbedded sensors on A/C

A/C hydraulics.
Expert system
Integrated
Expert system
Portable

Expert system
Expert system
Integrated

Display based

Uses input from TEMS &

Computer model
Automatic, real-time

Prototypé

CD ROM-based
On-board

Ak-based & portable

. Data-buses

Part of Merlin system .-

Portable
- Software-based

Microfiche-based
MIS

- Summary of Job Performance Aid Survey

Appendix
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NO. APPLICATION FUNCTION NOTES

81 Maintenance Organization Part of Merlin system

82 Maintenance Training Al-based

83 Engines ' Diagnosis

84 Flight control Fault detection in-flight detection

85 Inertial Navigation Diagnosis :

86 Maintenance JPA Portable

87 Parts Parts Tracking

88 Logistice Decision Support Software-based

89 ATE Planning Model

90 X-ray Support PC-based

91 Components Fault diagnosis '

92 ATC Remote NAS systern component

93 Structures Prediict &Plan Software-based .

94 Engines Training '

95 Flight control - Intervention

96 Maintenance Training

97 Cars Diagnosis :

98 Cars v Diagnosis utilizes hypertext

99 Maintenance Organization Software tool

100 Satelites Decision aid Prototype

101 Structural Diagnosis On-board

102 Multipurpose Training 3D-simulation

1C3 Engines Diagnosis ' '

104 Ensines Monitor Early application

105 Engines Diagnosis Expert system-based

106 Subsystem Training Computer-based

107 Structure Maintenance support -

108 Engines Diagnosis Interface to maint. databases
Appendix

~ Summary of Job Performance Aid Survey
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7.0 APPENDIX

1. ADE—AUTOMATIC DATA ENTRY FOR AIRCRAFT MAINTENANCE

FUNCTION Facilitate data entry

SPONSOR US Air Force

DEVELOPER Lockheed

INTIATED 1975

DESCRIPTION An automatic data entry system which encompasses all mechanical devices.

This system replaces the manual entry of data into the information system.
2. AEM—AUTOMATED ELECTRIFIED MONORAIL

FUNCTION To deliver replacement parts used in mair:tenance ar high-speed.
DEVELOPER United Airlines
LIFE : Present. ' .
DESCRIPTION Electrified monorail parts delivery system moves product at high speed thus
.improving efficiency.
3. AFTA—AVIONIC FAULT TREE ANALYZER
FUNCTION - Performs automatic testing of avionics equipraent in its opcratxonal envirorment
SPONSOR U.S. Navy
'DEVELOPER Douglas Aircraft Company, St. Louis, Mo.
DESCRIPTION The Avionics Fault Tree Analyzer, AI1 A, isasuit-casesized microprocessor-based computer

system which performs automatic testing and fault isolation of F/A-18 avionic systems. It
is capable of fault analysis to the Shop Replaceable Assembly level. The fault isolation
programs are referred to as fault trees; analysis of these trees include analyzing, sorting,
comparing, examining, and manipulating data from the system being tested. The effective-
ness of this system is contingent upon the effectiveness of the avionics system built-in-test
(BIT) equipment and the knowledge and { ractical expertise of the fault tree designer. In
addition to the lightweight, portable computer, the AFTA requires removable magnetic tape
aassette cartridges. The system connects to the aircraft MUX BUS and aireraft power. Once
the program is initiated, the fault diagnosis is illuminated on the ﬂatscrecn display. Ahard
copy can be generated.

4. AGILF.EYE, ind AGILE EYE PLUS—HELMET MOUNTED DISPLAY BUILT IN TEST
EQUIPMENT |
FUNCTION Helmet-mounted display

SPONSOR US Air Foree
'DEVELOPER . Kaiser Electronics
LIFE 1990 | | .
DESCRIPTION This system modifies the “Private hyé minature display, also called Agile Eye and AgileEye

Plus. The display is incorporated with a helmet in order to. s:gmﬁmndy increase a p!lot s

situational awareness. It is possible using this apparatus to project television monitor

information or other computer information. The image is directed to the visor of the pilot’s

helmer, thus keeping the information in front of his eyes at all times. It is 2 monocular’

presentation to the pilot’s dominare eye. It display: only information needed. The system

can also be tailored by the pilot. i 2., “declutrered” so that it can include only what the pilot
 wants to see. , ; :
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ACTR——AVIO.\'ICS GROUND TRAINING RIG (K»\F)

FUNCTION

SPONSOR
DLVELOPER |

1irt
PO IR

. DESCRIPTON

To train aircraft maintenance personne! in fault diagnosis and service of advanced avionic
systems.

United Kingdom Royal Air Force ( ilAF)

Essams

+ 1985

The Avionic G round Training Rig, AGTR, isa mainter ince traincrand simulator designed
1 train ground crews in advanced avionic fault diag nosis and servicing methods. Thesystem
is ccmpuosed of a life-size cock-pitand a PDP 11/55 and VAX 11/70 computer-based system.
The ground crew an accurately diagnose aizcrew reported system deficiencies throvgh
simulated flight. This system was dcvdopcd for thc UK Royal Air Force, Tornado F2
interceptors.

6. AIDS— AIRBORNE INTEGRATED DATA SYSTEM

FUNCTION

- SPONSOR
LIFE
DESCRIPTION

On-line integrated datasystems for use in work arcas by technical and engineering personnel.
Trans World Airlines '
Operational in 1986

Satisfies the need for 4edicated computers for maintenance and engineering functions.. The
system uses an ARINC Communications and Reporting Systems (ACARD) data link.

7. AIDAPS —AUTOMATIC INSPECTION DIAGNOSTIC AND PROGNOSTIC §Y. STEM also referred w
as, UH-AIDAPS TEST BED PROGRAM

FUNCTION

'SPONSOR
DEVELOF 7R

LIFE
DESCRIPTION

Engine monitoring instrument that performs automatic in-flight inspection, diagnostic and
prognostic precedures to detert mechanical malfunctions and wam of failure-conditions.

US Army Aviation Systems Command, St. Louis, MO.

Test Bed Program Developer: Hamilton Standard ;Analysis, Procedures and
Trade-Off Concepe Formulation Study, Computer Tabulations, Computcr
Moddls, Computer Output Data, Northrup Corporation.

1972. Computer modelling 1972 through 1975.

Automatic dara-acquisition and dztaamlyur systems to inspect, dizgnose malfunctions,and
predict failure of in-fight aircraft engines and fuel systems. AIDADS was dasigned for the
US Army hchcoptcr. UH-1H.

8. AlMES—-—AVION'f’ S INTEGRATED MAINTFVA\XCE EXPERT SYST EM

FUNCTION
DEVELOPER

 UFE
DESCRIPTION

Monitors engine functions and performs real-time diagnostic procedures,
McDonnell Douglas '
F!ight tosted January 1986

In-flight, automatic test system for use in US Army F/A-18 Homet aircraft which utilizes
anifiaal intelligence. Data xqumuon and diagnostic operations are performed while the
craft is airborne which climinates the need for maintenance personnel to re<reate the
conditions once on the ground. The knowledge of the machanic is codad on'the computer
in the form of operating rules.
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9. AIMS—AUTOMATED INTELLIGENT MAINTENANCE SYSTEM

FUNCTION Portable interactive computer system used for maintenance testing and repair of US Army
: vehicles. ‘

SPONSOR US Army

DEVELOPER Analytics Corporation, King of Prussia, PA.

LIFE 1987 ‘
DESCRIPTION AIMS is a portable, light-weight, expert system for use in maintenance, repair and trammg

arenas. It uses expert system and veice recognition technologies, and computer screen
displays of schematic diagrams and installation drawings. %ﬁtcm may also be used for
" inventory tracking, parts requisition and maimcnanoc—history records of vehicles, and
schedules. Interchangeable software will accommodztc to other type vehicles including

, aircraft and rotorcraft.
10. AMES—AIRCRAFT MAINTENANCE EFFECTIVENESS SIMULATION MODEL -
FUNCTION Project to develop simulation of operation and maintcnance of an aircraft squadron.
SPONSOR Navy : |
DEVELOPER XYZYX Information Corporation, Canoga Park, California
LIFE 1977-1979. |
DESCRIPTION A computer-based program of Aircraft Mam(emna: Effectiveness Simulation (AMES)

which is able to develop and test maintenance performance and operational readiness in an
aircraft squadron. This program can quznnfy the cost of human errors and maintenance
accuracy and its impact on other factors of maintenance (i.e., consumprion of spares, missed
gate-times, delay, aborted missions.) This infermation is helpful since human errors are
difficllt’to measure and evaluate since they are interactive with other types of errors, and not
éasily traced by conventional analysis.

11. AMICAL

FUNCTION Computer program to automate and perform economical scheduling cf maintenance tas'es.
SPONSOR KLM Royal Dutch Airline

LIFE ' 1986 . _
DESCRIPTION Airline-developed computer program with appliatiéns for aircraft maintenance task

- scheduling, uses mini-computer basad system.
12. APU MAID—AUXILIARY POWER UNIT MAINTENANCE AID and MAIDEN

FUNCTION . Auxiliary Power Unit Mah(cmﬁcé Aid (APU MAID) software assists the flightline
" technician in performing test, fault detection, fault isolation and repair of the C-13¢ APU.
~ Software is hosted on a pomblc, computer called, MAIDEN, which is s;mnﬁcz“y dcsngnod

for this use.

DEVELOPER ~ Allied-Signal A:mspacc Co Teterboro, N}

LIFE 1987

DESCRIPTICN The APU MAID is an expert system based job petﬁmnmcc aid which uses hmrunc and

. logical reasoning. Tt was developed for the C-130 aircraft auxiliary power unit. System is

designed to be useful on the maintenance flight-line in APU diagnostic, fault detection,
isolation and repair. It is used in conjunction with a spcéiﬁully dosigned computer, called
MAIDEN (MamtcnanccAui Engine). I'hc computer is hght wctghr portable, and battery
opcmled. S
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13. ASMT - AIRCRAFF SIMULATION MAINTENANCE TRAINERS

FUNCTION
SPONSOR

' DEVELOPER
LIFE
DESCRIPTION

14. ATEOPS
FUNCTION
SPONSOR
LIFE
DESCRIPTION

15. ASTROLOG

FUNCTION

engine maintenance.,

SPONSOR
UFE ‘
DESCRIPTION

Computer driven simulator to train and cenify C-17 maintenance personnel.
USAF |
ECC International Corpormon

1989

~ AirForce Aeronautical Systems Division awudcdzs 138-million contract for 5 C-17 Aircraft

Simulation Maincenance Trainers. These will provide computer-aided instruction to the
maintenance trainee personnel. Each trainer will have twelve separate training devices thar

replicate the C-17's systems.

Expert systems used to direct automatic test equipment for testing of F-15 ﬁéhtcr hardware.
USA " ' '
1985

ATEOPS, ATEFEXPERS and ATEFATMS are three expert systems used to control
Automatic Test Equipment (ATE) by troubleshooting the converter programmer power-
supply card on the F-15 aircraft. Each system uses a spexific knowledge base with tests
particular to the specific circuit being tested and the test requirements. Each indudes 2
constraint propagated frame system that allows enhanced control by creating code in the Atlas
programming language, checking the codc for good form, oomrolhngthcATEand changmg
the test sequence as

Early demonstration to integrate ground based computers and airborne data recorders for

Amerian Airlines, Maintenance and Engineering Center, Tulsa, OK
1967 ‘ ‘

Astrolog is an integrated ~ystem fof engine maintenance. The engine maintenance recorder

" portion of the data system consists of four major components: airborne magnetic data

recorders, conventional long distance telephone data transmission links, centralized ground

~ based computer complex, and computer programming which permits automatic diagnosis

of engine health, fault identification and measurement of the urgency of such corrective

16. ATE’s for AH-64 HELICOPTERS for use at AVIM—AVIATION INTERMEDIATE MAINTENANCE -

UNITS.
FUNCTION

SPONSOR
DESCRIPTION

Automatic testing units designed to test and dngnmc fauts on componcms removad from
Army hd»cop(er AH-64. - )

Armmy

Compmcrdnven automatic test equ:pmcn(dcslgncd forshop usctotestand dmgnosc faults .
in Line chhccnble Units removed me the hdlmptct 4 :
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17. AUTOMATIC TEST PROGRAM GENERATOR (ATPG)

FUNCTION Knowledge-based interactive editor

SPONSOR Warner Robins Air Logistics Ceniter (WRALC) -

DEVLELOPER Air Force Institute of Techn'ology, School of Enginc:ring

LIFE . 1986

DESCRIPTION Aprototype knowledge-based automatictest programgenerator | (ATPG)hasbeen develo ped

which uses a special language to operate automaric test equipment. The ATPG is an
interactive editor that will enable the software analyst to write codes effectively and efficiently.
It will also aid the software development process by reducing the amount of time used in
software maintenance and modification. The ATPG prototype is uscd in sclectcd tests
performed on a component of the F-15 aircraft.

18. ATSJEA Il —AUTO TEST SYSTEM FOR JET ENGINE ASSEMBLIES

FUNCTION System to test averhauled engines.

SPONSOR . Air Force '

DEVELOPER Advanced Technology and Tcmng, Inc., Michigan

LIFE 1989

DESCRIPTION “This system is designed to test overhauled fuel assemblics from Allison T'56 turboprop

engings powering USAF C-130K transports. This product, presently in its third generation
indudes a new software generated programming techniqueto perform necessary adjustment
diagnostics and prompt the operator as necessary.

19. AVID—AUTOMATIC VIBRATION DIAGNOSIS SYSTEMS

FUNCTION Vibration data extraction from gas turbine engines.
'SPONSOR USAF ' |
. DEVELOPER . Mechanical Technology, Inc., Latham, New York
LIFE 1983 B
DESCRIPTION . Automated vibration data extraction systciﬁwzsdcvé!opcd for jet transport ovcrhat)xl &nrcm

AVID automates trouble shooting proocdurcs for fully assembled gas turbine engines. High
ﬂcqucnq vibration data is extracted from existing standard instrumentation and provides
input to a specialzed symp‘om/fauh matrix. Malfunctions mdctccmd and assigned to a
pammlar data set, with corrections dcmlcd x :

20, BRAD -—BRILLIANT REUSABLE ADA DMGNOST!CIAN (REUSED SOFTWARE)

FUNCTION . To assist a novice munition maintenance tcchmcun in various systems and componcn!s
SPONSOR | Aur Force Munitions Systems Division .

LFE 1989 | .

DESCRIPTION System i in dc-vclopmcm which intends to demonsmxc the zpphcabnluy of model based

reasoning and the concept of software reuse. The goal of the work is to enable a novice
maintenance munitions technician to perform fault isolation and diagnostics in electronic,
clectro-mechanical, and mechanical faults using schematics and design data.
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21. CAD—COMPUTER AIDED DESIGN

FUNCTION
SPONSOR
DEVELOPER
DESCRIPTION

To streamline aircraft maintenance and repair.

US Naval Aviation Deport, Cherry Point, NC

' McDonnell Aircraft

This system aids US Marine personnel to troubleshoot maintenance functions by having
direct access to drawings and engineering information of the builder/designer of the AV-8B
Harrierll short take-off and vertical landing aircraft. Computer drawings and data for
structural repairs are updatea every three months, as is stress analyses and wiring diagrams.

22. CADS—COMPUTER AIDED DIAGNOSTIC SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Demonstration of diagnostic system application to the H-34 helicopter.
US Navy ‘
Naval Postgraduate School , Monterey, California

1987

Prototype 1o dcmon.tmc feasibility of applying expert systems technology to the H-46
helicopter maintenance process. This is known as a micro computer based prototype called
CADS, Computer Aided Diagnostic System. The complcxity of the helicoprer system
diagnosis, inadequacies of the maintenance manuals often result in unnecessary removal of
system components. Thediagnosticsystem forthe H-34 is proposed toaddacomprehensive,
stable knowledge base not dependent upon particular personnel for capable repair.

23. CALS—COMPUTER ACQUISITION AND LOGISTIC SUPPORT

FUNCTION

SPONSOR
DEVELOPER
LIFE

DESCRIPTION

DOD an industry strategy for the transition from paper-intensive acquisition
and logistic processes to a highiy automated and integrated mode of operation
for the weapon systems of the 90’s.

US Department of Defense and Industry
US Department of Defense

In September 1985, Deputy Secretary of Dcfcnsc approved recommendations of a DOD-

industry task force on CALS. MIL-M-28001 was publLshcd February1988. In August, 1988,
another memorandum was issued stating that major steps had been taken towards routine
contractual implementation of CALS through out DODand industry. The memorandum
upheld the issuance of standards for digital datadelivery and required technicaldataindigital

' form for weapons systems in development in FY 1989 and beyond.

CALS addresses the generation, access, management, maintenance, distribution and use of :
technical data associated with weapon systems. This includes cngmccnng drawings, product
definition, and logistic support analysis data, technical manuals, training materials, technical
plans and reports, and operational feedback data. The CALS system will facilitate data
exchange and access, and roduce dupiication of the data preparation effort. Additionally,
CALS provides the framework for integration of other automation systems within DOD.
The comerstone standard for the interchange of textual technical in formation is MIL-M-
28001,
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24, CAMS—COMPUTERIZED AUTOMOTIVE MAINTENANCE SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

25.CATS |
FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

SPONSOR
DESCRIPTION

Automotive diagnostic system which can interface with a remote mainframe computer.
Commercial , |
General Motors, Buick Division

1987

A computer with diagnostic capability usmgéhcarcomputcf, built-in sensors, and circuits.
The system can retrieve and store a portion of data so that in termittent problems may be

analyzed, sometimes with the aid of a small portable monitor hook-up. This system can
interface with the Buick mainframe in Michigan by telephone hook-up, if required.

Locally, the CAMS machine consists of a touch screen command system, so that it may be
used by persons without computer background. Buick claims that 48% of cars repaired
without the system would retumn for the same type of repair; with the CAMS system, Buick

+ daims that this was reduce to 8%, since the machine is particulary successful with small
circuitanalysis. Thissystem is similarto Ford Motor OASIS system, and will soon be followed

by Chevrolet, Pontiac, and GMC, and Oldsmobile. Itis noted that maintenance personnel
were at first reluctant to use the machine because it did not have a manual operation mode;
the maintainers wanted to assert control. Its use became more widespread as the manual

mode was introduced.

A portable computerized troubleshooting system developed for large locomotive repair.. ‘
Commercial. :
General Electric Research and Dcvdopmcnt Center

Current

This electrical and mechanical diagnostic system uses expert systems technology combined
with portable computers for use on the rnaintenance floor. The system initiates diagnostic
technique by supplying a menu of passible symptoms and then prompts a serics of detailed
queries. At appropriate point in the interaction, the user may call up from the computer
memory, displays and drawings, photos or movies of the locomotives various components,
locations and functions. As malfunctions are determined, repair instructions are provided
on the video screen.

This system uses a standard 16-bit microcomputer for informarion processing, additional
memory for storing expert knowledge, a CRT, aprintet, a vxdco disc player and monitor for
demonstration of repair procedures. :

CAT-1 is currenty in use at GE locomotive repair facilities nznonwndc

26. CCP—CONTAMINATION CONTROL PROGRAM
_FUNCTION

To reduce unnecessary maintenance and havy-cqulpmcnt downtime through progr(sswe
analysis of various non-cngmc lubrication and maintenance schedules.

Mobil Oil

Samples of engine lubrications are m:nlcd to Mobil’s Kansas City hboratory and analyzed
for levels of oxidation and sludge, viscosity, fud dilution, dirt and glycol, water and wear

‘metals. Lubricants are not changed until contaminated which also indicate the presence of
. or incipient maintenance actions.

136




— p——

— e

D e 4

Chapter Five Appendix

27. CCS—COMPONENT CONTROL SYSTEM

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

To improve communication between aviation maintenance, inventory and scheduling
departments without increasing data entry time. : :

USAir
1986.

The Component Control System, pan of the USAir publicly marketed Merlin System, is
used for time control processing, removal/installazion and history processing for compo-
nents, major assembly processing of subassemblies and forecasting removal requirements.

28. CEMS IV—-COMPREHENSIVE ENGINE MANAGEMENT SYSTEM increment IV:

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

To support the on-condition maintenance shilosophy, combinad with portablc decision
support devices using diagnostics and m:ndmg analyses.

Air Force _
Systems Control Tcdinology, Inc., Palo Alto CA
1988

A ficdded expert system automates equipment for fault isolation, diagnosis, and trend
analysis, aid recommends corrective maintenance action. This program is the standard to
the Air Force base level maintenance. CEMS IV will be cnhanced and ﬁdded under the
umbrella of Core Automated Maintenance System.

29. CEPS - CITS EXPERT PARAMETER SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE

DESCRIPTION |

Maintenance diagnostic system
Air Force

‘ Boeing Military Airplane Devdlopment

1987

CEPS couples expert system tcchnology and conventional programming wnth alarge dana
base to provide a system which will assist maintenance dng 1ostics. This system incorporates
avionics design knowledge, avionics maintenance expertise, and statistical analysis of past
and present failure indicators to improve fault detection and |so|auon A prototypc isunder
dcvc!opmcm for the B-1B.

30. CITEPS —CENTRAL INTEGTRATED TEST - EXPERT PARAMETER SY STE

FUNCTION"

SPONSOR
DEVELOPER

DESCRIPTION

.System to utilize monitoring systems and built-in test systemsontheB1-Bto pcrf'orm fault

solation.
US Air Force .
anht Patterson Acronaunal Labomoxy

“This systcm is built upon previous tcchnologlc:l systems dcvdopcd for Air Forcc mainte-

nance procedures, such as. the Central Intcgrated Test and Comprehensive Engine
Monitoring System. Thissyst¢m receives data from these othersystems and combines itwith
expert technology derived directly from the experience of mechanics. It enables a less
experienced mechanic to perform advanced diagnostic analysis, and maintains a higher
pfoducnon standard.
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FUNCTION
SPONSOR
DEVELOPER
LIFE

FUNCTION .
and Puerto Rioq.

SPONSOR
LIFE"
DESCRIPTION

SYSTEM
FUNCTION

 DEVELOPER. -
LIFE
DESCRIPTION

- DESCRIPTION

31. CITS - CENTRAL INTEGRATED TEST SYSTEM

On-board central diagnostic system developed for the BI-E aircraft.
USAF '
Rockwell International Corporation, Los Angeles, California.

1981

The b.-B Central Integrated Test System (CITS) is the on-board test system for the B1-B
aircraft and the avionics subsystems. The CITS operates continuously and automatically in
flight and on the ground to display performance and faults to the aircrew. It records
approximately 19,600 parameters. Failed modes of operation are detectad/recorded on all
subsystems and faults are isolated to the line-replaceable-unit (LRU) level. Threesnapshots
of all CITS data parameters is recorded on magnetic tape for maintcaance troubleshooting,.
The CITS performs pre-flizht and postflight tests automati -lly. Reverification of systems
2nd ground readiness tests are conducted on individually selected subsystems at the opera-
tors’ request. This system was first developed for the B1-A aircraft, and refined for the B1-
B aircraft.

32. CMS—COMPUTERIZED MAINTENANCE SYSTEM

Serving 26 US Coast Guard airstations and repair and supply facilities in the United States

US Coast Guard.
1988

The Computerized Maintenance System uses a relational dztabase running on a Digital
Equipment Corporation VAX 8530. Real-time information is provided on the status of
more than 200 aircraft, in addition to the identification of trends and problems. It is used

. for assistance in troubleshooting, system reliability analysis the recording and reporting of

aircraft data and the maintenance of records on airframes and components. The system
functions by users entering data into 2 commercial off the shelf terminal which is then
transmitted via telenet to the VAX 8530 located at Tamsco. Data integrity is maintained by
a data entry system that automatically provides validation and cross checking.

33. COMPASS — CONDITION MONITORING AND PERFORMANCEANALYSIS HOST SOFTWARE

This is a ground-based engine monitoring program for general apphcmon t0 engines in .
service after 1989, which integrates other engine monitors. This product is dvailable from

third party vendors to rcspcct the proprictary mformanon rcqu:md to implement the
software. :

Rolls Royce .
Developed for use on new engine types entering service in 1989.

Maintenance functions, induding. reduced cost of operation, ircreased utilization of
resources, improved procedures and increased visibility of engine and fleet condition are all
moreefficient due to built-invinstrumentation to monitor performance of the unit, and more
sopt isticated computer system capabilities on the ground The system supplies trend and
operational monitoring information from four main areas {on-wing, ground, test cell, and

* maintenance action data) to a ground base, thus enabling early wamning and maintenance |

decision and scheduling functions to e determined ahead of coridition failure. Information -

regarding the' opcrmonal parameters of the host mgmcs and users must be fed into the
system. ,
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34. DC-9 REFRIGERATION SYSTEM DIAGNOSIS
FUNCTION Early method of compute. diagnosis in aircraft maintenance
DEVELOPER Eastern Aidines, Inc., Miami, Florida ‘ '
LIFE ' . 1973 PA, 1973.
DESCRIPTION A arly method of instantaneous diagnostics DC9-30 refrigeration systems using readxly

obtainable data, suitable algorithms of component performance comparing performance to
performance standard. Variable condizions are factored ii1 such as hot day conditions, and
eff>cts of preventative maintenance procedures.

35. DCS—DIGITAL CONTROL SYSTEM

FUNCTION Telecommunications-based diagnostic and support system
DEVELOPER Kearney & Trecker, Milwaukee, W1 '
DESCRIPTION - The DCS Analyst is a telecommunications-based diagnostic and support tool available to

users of Gemini controls. This indludes equipment manufactured by Keamney & Trecker,
Cross, Swasey, Warner for milling, boring, and machining equipment and lathes.

Used in conjunction with a modem, communication may be established to DCS analysts at
thefirms’ headquarters in Milwaukee, and any Gemini-controlled machine, and thus control
or monitor any machine function. The control system can set, alter, prugram software
uploadcd/downloadcd condition of the machine checked, and maintenance levels estab- B
lished. N

Support is established by using the panicular units’ own service history as well as the history
of other machines stored in the DCS database. The users computer may be interrogated and
control may be bypassed to test sections of the control individually. In addition, a specific

. machine will be analyzed for its’ own fingerprint, which will enable thc customer to dcvelop
an appropriate preventative maintenance program.

36. DECISION SUPPGRT SYSTEM FOR DIAGNOSIS OF A/C EMERGENCIES

FUNCTION System' dezigned to show the feasibility of expert systems technology utilizing axstmg on-
A _ board sensors to aid diagnosis of single and compound emergencies.
SPONSOR USNavy
 DEVELOPER Naval Postgraduate School, Monterey, Califomia
LFE 1986 | . [
. DESCRIPTION "' This systcm was dcveloped'lto demonstrate the feasibility of using on-board sensors, specific

knowledge bases with personal computer implementation, to assist the aircraft crew to
respond to single and compound emergencies. The platform for the dempnstration was the
" AH-1Tarack hdicopter. This systsm quantifies thcmfo:manon and respondent knowledge
" required to define emergencies.

37 DIAGNOST IC DATA RECORDER

FUNCTION On-Line oomputcnzed diagnostic tool used in the automotive mdusuy
SPONSOR General Motors —Buick | o
 DESCRIPTION ‘ ; An on-line diagnostic tool installed on certain cars. This system recordsivarious indicators

. of 26 engine functions. When the auto is referred for service of ar: int¢rmittent or other
problem, the data recorder may be hooked up by modem to enable the data log to be
examined, compared toheuristic dataand faulediagnosed. Suchi iter. sasenginetemperature,
02 sensor, timing, and air-fuel mix control, are checked.
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38. DIAGNOSTIC EXPERT SYSTEM FOR AIRCRAFT GENERATOR CONTROL UNIT
FUNCTION A generic, diagnostic expert system for generator control units.
DEVELOPER Westinghouse Electric Corporation, Lima, OH
LIFE 1988
DESCRIPTION This system may bc applied to different devices. Modular variable-speed/constant frequency

generators families are organized by standard modules to enable expert system technology to
be applied. A general diagnostic expert shell is developed that will guide troubleshooting

procedures of modules and line-replaceable units. Systemis applied to the generator control ' -
unit and may be applied to other types of units by i moorporatmg device-specific rules from
expert personnel.
39. DMMIS—DEPOT MAINTENANCE MANAGEMENT INFORMATION SYSTEMS
~ FUNCTION To improve Air Force maintenance depot planning and control functions. _
SPONSOR US Air Force, Wright Patterson AFB, OH ‘ 5
DEVELOPER Grumman Data Systems, Grumman Aerospace Corporation )
LIFE 1988, still in development ' ’
DESCRIPTION _ This Grumman product will support Air Force maintenance depots engines, all types of

aircraft, cargo, instruments, avionics, landing gear and accessories, and communication
systems. It endeavors to improve planning and control functions of scheduling, workload
planning, inventory control, productivity and planning and operational readiness. In
addition, it will provide on-line data access and user interaction.

The DMMIS system is software intensive using commercial off-the-shelf software manage-
ment systems to replace an existing 1500 computer programs. It will cluster all systems of
management (material requirements, work order generation, logistics, budgeting, timeand -
attendance, job cost, uality management, ctc.) to reduce repetitive data entry and systems,
increase amounts and variety of available information.

40 DODT—DESIGN OPTION DECISION TREE -

FUNCTION A method for systematic analysis of design problems and integration of human
' factors data. o
SPONSOR US Air Force AFHRL, Brooks Air Force BAse, TA.
DEVELOPER - Systems Research ,Laboratons. Dayton, OH.
~ LIFE . 1974, -
-~ DESCRIPTION ' Thismethod is rcprscnted by asrhcmanc format termed the Design Option Decmon Tree.

It displays the various design options available at each decision point in the design process.
Note that this system is not only applicable to aircraft systems, ‘although the system is
modelled on aircraft design problems. The userspecifies design goals, and among the v-\nous'
design parameters are human factors considerations.
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41. EASTERN AIRLINES COMPUTER SYSTEM

FUNCTION
DEVELOPER
DESCRIPTION

Maintenance planning and scheduling
Eastern Airdines

Use of a combination of mini and mainframe computers have improved

. Eastern’s productlvny and costs, allowing a reduction of three aircraft assigned to periodic

service. Thissystemwas particularly useful when thecompany had aknown parts shortage—
so that unnecessarily assigning the wrong aircraft this part would ‘cause cancelled flights.

Computer information is transferred directly to the shop floor, and in bases where the
maintenance operations do not havea designated computer, information may besent via the
computers used at ramp and customer service departments.

Capacity planning chores are also performed. Management can calculate the effects of line
slippage, schedule constraints and workload/manpower planning, as well as modificaticn
impact assessment.

This computer system follows the recommendations of the AT/ which specified that

*maintenance and engineering must havededicated computers and stffising fully mtegrated
systems available at the work areas using on-line data systems.

42. ED/CEMS ENGINE DIAGNOSTICS/COMPREHENSIVE ENGINE MGMT SYSTEM IV

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

Platform used for applications such as XMAN, used in jet engine dizgnastics to support on-
condition maintc.aance philosophy.

Systems Control Technology, Palo Alto, Califorriia

1986. - '

An expert system that automates equipment used for diagnosis of anomalies in engine
operations based upon prescriptive parameters. Fault diagr.osis, trend analysis and recom-
mended corrective actions are features of this system. This system is a knowledge-based

system composed of three modular software element: 2 knowledgc base, 2 data base, and a
control system.

43. EDS (ENGINE DIAGNOSTIC STS) FLT EVALUATION AIR FORCE

'FUNCTION

SPONSOR

DEVELOPER

DESCRIPTION

» Engmc diagnostics and trend monitoring

Air Force Aero-Propulsion Laboratory, anht-Patterson AF3, OH.

* McDonnéll Aircraft Co.
" Inthe F15/F100 Engine Dngnostxc System Flight Evaluation, data was collected 10 verify

gas turbine engine fault detection/isolation and !icalth trcndmg algorithm cmploymg gas
path analysis.

44, EIATS—EXPAN DED LI'I'I'ON AUTOMATED TEST SET |

FUNCTION
DEVELOPER

" DESCRIPTION

Automated test systems for various flight ﬁmmom. ‘
Littori Systems Canada

The Expanded Litton Automated Tes. Set is a comprehensive automated test system for
radar, communications, microwave, clectronic warfare systems and advanced depot-level
support maintenance. Itisdesigned asan inexpensive means forintermediateand depot-level
support maintenance, combining existing instrumentation with a general design approach.
The RF-ELATS &an automatically simulate a variety of scenarios, modulation and noise and
diagnose faults on the weapons replaceable assemblics. It also has built-in test routines and
transfer standards and test subroutines. .
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45. EM/PA—MOBIL OIL ENGINE MAINTENANCE THROUGH PﬁOGRESSIVE ANALYSIS

FUNCTION

DEVELOPER

DESCRIPTION,

To reduce unnecessary maintenance and heavy-equipment downtime through progressive
analysis of engine oi.. and maintenance schedules.

Mobii Oil

Samples of engine lubrications are mailed to Mobil’s Kansas City Laboratory and analyzed
for levels of oxidation and sludge, viscosity, fuel dilution, dirt and glycol, water and wear
metals. Lubricants are not changcd until contaminated which also indicate the presence of
or incipient maintenance actions.

46. ETTR — ENGINE TIME TRACKING RECORDER

FUNCTION
SPONSOR
DeEVELOPER
LIFE
DESCRIPTION

Part of larger system that monitors time and temperature of engine operation.
Air Force

General Electric Co., Aircraft Engine Business Group, Lynn, MA.

1979,

This system is one component of the Parts Life Tracking System is. an engine time-
temperature recorder system. Based on the on-condition maintenance, the recorder
monitors operations and compares it to a set of designated parameters of satisfacrcry

operation. The Pans foc Tracking System manages the TF34-100 engine in USAF/A10
aircraft.

47. EXPERT SYSTEM FOR MAINTENANCE DIAGNOSIS

FUNCTION
SPONSOR

LIFE
DESCRIPTION

Self repair of digital control systems.

US Air Force, Air Force Flight Dynamics Laboratory, Wright Pattersor: AFB,
Ohio '

1983.

Using statistics collected from bartle damaged repair history, i.e., from Southeast Asna,
Falkland Islands, and Isracli data, the self-repairing concept was explored toward develop-
ment of the diagnostic data /expert knowledge systems for maintenance diagnosis.

48. FAMIS - FIELD ASSET MANAGEMENT & INFORMATION SYSTEM

FUNCTION
DEVELOPER
LIFE

DESCRIPTION'

CD-ROM based information retrieval system

Image Storage/Retrieval Systems IS/RS
1989

" FAMISisa field support tool for the gas, electric telecommunications and nudeas utility

industry. Data is stored on CDs and enables field support personnel to access information
such as maps, manuals, viork orders and bulletins. It also collects data from the field for
transfer to the home office via doppy disk or through the built-in modem.
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49. FAULT ISOLATION-BITE

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Next generation of built-in test equipment.

US Air Force

Boeing Commercial Airplane Company, Seartle
1982 '

Built-in test equipment developed for the Boeing 757 and 767 aircraft allows faults to be
detected to the line replamblc unit level of maintenance. This extension to bcgmnmg fault
isolation test equipment is designed for the mechanic’s needs, as opposed to the engineer’s.
Intermitrent faults will be detected. This is expected to lead to greater maintenance bay
productivity, improved sched.le reliability and decreased maintenance cost.

50. FCMDS—FLIGHT CONTROL MAINTENANCE DIAGNOSTIC SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Diagnastic system for maintenance of flight control syste;ns.

US Air Force, Wright Patterson Aeronautical Laboratories, Wright-Parterson AFB, Ohio
Honeywell Systems and Research Centér, Minneapolis, MN

1988

Determination of maintenance diagnostic approaches has led to the development of flight
control system diagnostics which will enhance the  organizational-level technicians.

Maintenance productxvxty improves as shop reliability and work load scheduling are able 0

improve. The system is composed of two parts: imbedded diagnostic sensors on the aircraft,
and a computcrized ground base system to extrapolate and test on-board generared data.

51. FLIGHT DATA RECORDING SYSTEM TECHNOLDGY——FAULT TOLERANT
MULTIPROCESSOR FOR AIRCRAFT SYSTEMS

FUNCTION
LIFE
DESCRIPTION

Computer architecture
1988

FTMP, Fault Tolerant Multiprocessor is a digital computer architecture evolved over z ten
year period. Its application to several life-critical aerospace systems, notably, as the fault
tolerant central computer for civil air transport applications.” The design is based upon
independent processor-cache memory modules and common memory modules which
communicate via redundant serial buses. All information processing and transmission is

* conducted in triplicate so that local voters in each module can correct errors. Modules can

be retired and/of reassigned in any configurations. Reconfiguration is carried out routinely

from second to second to search for latent faults in the voting and reconfiguration elements.’

Jobassignmentsareall madeon afloatingbasis, sothat any processortriad is eligible to execute
any job step. The core software in the FTMP will handle all fault detection, diagnosis, and
recovery in such a way that applications programs do not need to be involved.
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52. FUZZY DIAGNOSTICS

FUNCTION System to assist diagnosis of faults difficult to describe in aircr:* -+ draulic systems.
SPONSOR Peoples Republic of China '

LIFE 1986 R

DESCRIPTION Aircrafthydraulics systems, thedrive systems which control attitude, extension and retraction

of landing gear, and wing flaps, are composed of many parts. These are complex systems and
often give rise to puzzling faults thar are ditficult to reenact and difficult to describe. The
applications of computers in fault diagnosis can increase precision and speed so as to
conveniently ~rray the prerequisites which create the fault. The causes of system faults and
the appearance of symptoms have a random or fuzzy nature. This system takes natural
language and transforms it into machine language and crystallize human experience 1o
simulatea fuzzy inference system. The characteristic nature of the system is first toselect from
events aset of symptoms and causes of mocel fault eventsand store them inacomputer. Then
during diagnosis a symptom is matched to a known fauit to determine cause.

53. GATEKEEFER (PROGRAM), TEXAS AIR

FUNCTION Helps airline managers coordinateand maintain gateschedules in response to changing flight
. schedules, aircraft routings, weather and airport conditions. . ‘

SPONSOR Texas Air ,, ‘

DEVELOPER Texas Air System One, Houston, TX

LIFE | 1989 A .

DESCRIPTION This is a VAX-based expert system designed to alleviate effects of,.and ~auses of, airport

congestion. This is an intelligent, LISP-based distributed system that is o ,erated ona UNIX-
based workstation in theX-windows environment. Itisconnected via Ethernettoa relational
database management system from Oracle on a VAX or 30386 database server.

GateKeeper coordinates flight operations and gate assignments in such locations as Conti-
nental (Houston, Newark and Denver), and Eastern(Miami). It is currently being mar-
keted world-wide. Theobjectiveof theprogramistoimprove efficiency and reduce operating
costs. It uses artificial intelligence and incorporates four types of in formation: monthly and
up-to-the-minute flight schedules, routing of aircraft for maintenance, flight information
from each airline, and passenger information. The system is fault tolerant with riple

redundancy and designed to reduce an airline’s dependence on mainframe networks.

“The system has predictive capabnhty and may therefore avert potenml crises by showing a
manager the conseguences of certain asslgnments ' '

54. IEIS — INTEGRATED ENGINE INSTRUMENT SYS$ FEM

FUNC HO‘J o Computcr driven display and processing instrumentation systcm used to monitor aircraft
. engine conditions.

SPONSOR Naval Air Dcvclopmcnt Center, Warmmster, PA,

DEVELOPER GE, Wilmington Mass Aerospace Instruments

LIFE 1973 - .
 DESCRIPTION TheIntegrated Engine Instrument System (IEiS) is primarily concemed thh th= monitot-

 ing of aircraft engine conditions in rsponsc to the needs of flightcrews and maintenance
pcrsonnel
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55. IFL~-INTELLIGENT FAULT LOCATOR

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Designed to diagnose problems with the AH-64A Attack: Helicopters.
US Army

McDonndl Douglas Helicopter Co.

1988

US Army’s expert system used on the AH-64A helicopter diagnosed faults on four of the
eighteen systems with 96.3% accuracy, and reduced by half the time required to locate faults.”
The system was developed on a Tcxas Instruments Explorer' symbolic proccssmg worksta-
tion.

56. IMIS - INTECRATED MAINTENANCE NFORMATION SYSTEM

FUNCTION

SPONSOR
LIFE

DESC, IPTION

Integrates technical data collected from scveral sources and delivers that information in 2
practical form to the flight-line maintenance technician performing faultisolation procedures
in a convenient and portable mode.

US Air Foree Humarn Resources Laboratory
1982, ongoing

It uses a hand-held rugged computer for use during diagnostic . intenance, an aircraft
maintenance panel connected to on-board computers and sensors, 2 maintenance worksta-
tion connected to various ground based computers systems, and sophisticated integration
software which combines information from these various sources and presents data and
condusions to the maintenance technician in a consistent and practical manner. Function-
ally, this system includes technical data, training, diagnostics, manage.nent, schcdulmg and
historical data bascs, and transmits such data to the flight-line.

This system is consistent with technologics dcvdopod as Core Automated Maintenance
Systein (CAMS), Automated Technical Order System (ATMOS) Phase IV, Integrated
Turbine Engire System (TTEMS) and 'a variety of Automauc Test Equipment.

57. I\IS—FMMS—!VERTIAL NAVIGAT!ON SYSTEM

FUNCTION
| SPONSOR
- DEVELOPER
LIFE
DESCRIPTION

Inertial system f:ult analysis and management system tc enhance US Army avionics.
US Army . ‘

McDonndl Aircraft Company, St. Louis, Mo.

1984 ' : '

The purposc of the Inenial Nav:gmon Systcm -Fault Ana!ysu and Management Systcm is
wimplementartificial intclligencein fighteraircraft avionics. Thishastheeffect of enhancing
the availability to mission and accuracy of the inertial navigation system. Inertial Navigation
System failures are often difficult to isolate because the are related to incorrect procedures or .
non-repeatable conditions. The expert system identifics failures through the analysis of key
failure paths, ficdd maintenance data, and simulation testing of various mission profiles. The
system is based upon blackboard architecture and has three divisions: current hypothesis and
permanent knowlodge, knowladge source demons scarching for an antecedent to be true,and
a prionity based scheduler, ,
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58. IN-ATE - INTELLIGENT AUTOMATIC TEST EQUIPMENT

FUNCTION
DEVELOPER
UFE
DESCRIPTION

A fault diagnosis expert system environment.
Automated Reasoning Corp. New York
1987

IN-ATE is a fault diagnosis expert system software environment that is designed to reduce

" test-program development-time and test program run-time.

59. INTEGRATED TURBINE ENGINE MONITORING SYSTEM

FUNCTION
SPONSOR
LIFE
DESCRIPTION

" Complex engine diagnostic system.

US Air Force Wright Parterson Acronautical Systems Division
1986 '

Successortothe Turbine Engine Monitoring System, uscdontthF34 and the F-15 Engine
Diagnostics System, and the T-38 trainer Engine Hahh Monitoring System.

60. INTERFACE Il - ADVANCED DIAGNOSTIC SOFTWARE

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Software appends software capabilities of various systems.
US Air Force. |

General Elearic Co., Cindnnati, Oh

1988

Interface Il is a system of software designed to enable other systems to extend capability into
new domains. An example ofthis system is JET-X, asystem developed to coordinate Turbine
Engine Monitoring Systems and Comprehensive Engine Monitoring Systems (TEMS and
CEMS, respectively) to extend its diagnostic and troubleshooting capabilities and to allow
use of the machine for training purposes.

- 61. IRAN—INSPECT AND REPAIR AS NECESSARY

FUNCTION
'srowsoa
DI VELOPER

CESCRIPTION |

~ Maintenance philosophy and management framework.

US Army |
Rand Corporation "

The Inspect and Repair as Ncqsvy conccp( demonstratad in the mrly ph:ms of comput-
erized maintenance planning and aircraft inspection capabilities. The system was demon-
strated on the F-106 aircraft, and performance effects of the program were measured on the
ADCM 66-28 parameters. The system was shown to have ambivalent effect; aircraft was
neither received in a state of necessity, and procedures did noc augment its reliability or in-
SCTViCE time. '

62. INTEGRATED TESTING AND MAINTENANCE TECHNOLOGIES -

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

To reccive and extract from data information required to troubleshoot interactive aircraft
systems. ' ’

Air Force, Wright Partterson Air [Force Base, Ohio

~ Boeing Acrospace, Seattle, Washington

1988

Technology which will enable [cordination of various on-hoard and ground support
systems. The multitude of systems covered pantially ot entirely by particular avionics leads to
a vast amount of replication of prcesing and software unlas integrated.  Maintenance
ground support dugn(ms also entails replication,

146




Chapter Five Appendix

63. IUSM - INTEGRATED UTILITIES SYSTEM MANAGEMENT SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

" 64. JET-X

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Integrates aircraft ucility systems onto a common data bus.

US military

Smiths Industries

1986

The ISUM was dcvclc;ped on the Experimental Aircraft Program(EAP). The system

combines the fuel management, hyd:aulics, engine ¢ontrol, and environmental control
systems onto a common military standard data link. This system reduces system complcxiry
ana also provides a method by which a CRT display could be integrated, thus giving the pilot
quick access to data via soft keys or menus. The system can be conﬁgurcd so that any
parameter which is out of tolerance is displayed as it arises. One of the main advantages of
thissystem isa wctgh! savings of 50% and volume savings of 25% when compared to other
systems. This in rum eases maintenance.

Expert system works mtcracnvdy with other systems.

- US Air Force

General Electric Co., Cincinnati, OH
1988 '
Ja-Xisa knowledgc based cxpcn system used to diagnose and aid maintenance of the TF-

_ 34jetenginesinstalled on the USAF A-10A aircraft/ Thissystem uses input from thé Turbine

Engine Monitoring System (TEMS) installed on the airplane, and combines it with
information retrieved from the CEMS (Comprehensive Engine Management System)

. database that is part of the computer ground support system. This combination generates

alarms which activates the ] ET-X analyses. Troubleshooting procedures arcimbedded in the
system for each type of alarm. In addition, “help” will assist dmcmcxpcncnccd technician so
that it may be used both as a flight line tool and a training tool.

65. LAMP—LOGISTICS ASSESSMENT METHODOLOGY PROTOTYPE

* FUNCTION

SPONSOR
DEVELOPER

UIFE -

DESCRIPTION

~ Computer modd developed to assess technology effects of advanced USAF aircratt support-

ability and logistics requirements.

-US Air Formllmegnted Logistics Technology Office

Dynamics Research Corporation
First analysis performed in June 1986 investigated an advanced self- rcpamng ﬂlght control

system. In August, 1986, the system demonstrated the effects of the incorporation of a

particular radar system in an advanced aircraft.

This computer modd is dcmgﬁcd on the premise that supportability of an item (such as

advanced fighters) is as important as such factors as cost, performance and schedule.

Embedded in'the LAMP software are odels for cost, manpower, soitie generation and aitlift
support models. The USAF F-16 data is used as the reference systcm The LAMP system
runs on the logmlcs assessment workstation (LAWS).
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66. LEADER
FUNCTION Auromatie, real-time diagnostic system
DEVELOPER Textron Lycoming
LIFE 1988 ‘
DESCRIPTION LEADER is an exper: system that supports acceptance testing functions of gas turbine
engines. Thesystem aids in problem diagnosis by automatically analyzing engine parameters
for fault identification. It models the reasoning of an experienced engincer for a specific
steady-state testing procedure with several hundred rules.
67. LEADS 200 R
FUNCTION Flight dara recording system
DEVELOPER “Technische Hochschule, Aachen Instrumentation for Jet Propulsion and Turbomachirery.
LIFE - 1983
* DESCRIPTION

The LEADS 200 flight data recording system was mtroduced into a F104G wing of the
German Air Force in order to monitor aircraft and engine maintenance. The main software
routines in the system for engine data pcrformana monitoring and fault diagnosis.

68. UPS LIST PROCESSING LANGUAGE

FUNCTION
SPONSOR -
LIFE
DESCRIPTION

Prototype Maintenance Expert System for the CH-47 Fllght Control Hydralic Systcm
U.S. Army Research Office Dept. of Mechanical and Acrospace Engineering
1986

List Processing Language, or, LIPS, isa ccmputer language used to facilitate data processing
during the hydraulic flight control system inspection of Bocing CH-47 helicoprers.

69. MACPLAN—MILITARY AIRLIFT COMMAND PLAN

FUNCTION
SPONSOR
UFE
DESCRIPTION

Logistics support
US Air Force Military Airlift Command, Wright Air Force Base
1989 '

This plan was developed with cost-containment specifically in mind: It is designad to hélp
the Military Aidift Command move large cargo quantitics between the US and overseas
bases. Factons indlude types of available aircraft, numbers of flights, routes, refuclingand other

adverse contingencies. Passible extrapolation to the cummercial aviation ficld as logisties |

support for parts and replacement kit movement for all types service business.

70. MACSPEC PGW - PORTABLE GRAPHICS WORKSTATION

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

CD-ROM based catalog, A
Image Storage/Retrieval Systemis IS/RS

1989

PGW is 3 CD-ROM based system that isused by Mack Trucks and their dealers to store their
parts catalogs on CD-ROM. The system was to help the dealer find an specific part in less
time. It was designed with a touch-sensitive screen, packaged for a hostile environment,
porabiliry foruse on the road, and expandabiiity for enhancements suchasinventory control.
The system contained images and text.
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FUNCTION
SPONSOR

- DEVELOPER
DESCRIPTION

. '/'Il.'MADAR_S—MALFUNCTION DETECTION ANALYSIS AND RECORDING SYSTEM
To provide engine analysis.
US Air Force, Wright Patterson AFB, Chio
Lockheed-Georgia, Marietta, Georgia

‘C5A malfunction detection ana]ysus anc re u.dmg system for on-board flight isolation of
several functions induding engines.

72. MACH—MAINTENANCE ACTIVITY COMMUNICATIONS HISTORY

' FUNCTION

SPONSOR

" DEVELOPER

To minimize airaaft maintenance downtime and i xmprovc communications betwecn
maintenance, scheduling, and inventory without increasing data entry time.

USAir, Pittsbu rgh, PA.

. The Maintenance Activity Communications History system i: used for aircraft history

reporting and data collection, aircraft reliability reporting and control, and an interface for
line planning functions. It also functions asa communcations network for maintenanceand
engmccnng The system is an adjunct to the cnstmg Merdin system,

73. MAINTENANCE ANALYST

FUNCTION

' SPONSOR.

LIFE

DESCRIPTION

System which uses Artificial Intelligence te troubleshoot an avionics subsystem on Sikorsky

g Bladkhawk helicopters.

US ARMY
1986

The Maintenance Analyst is a portable real-time consultant for fidd-levl troubleshooting
the SAS-1 avionics subsystem aboard the Sikorsky Blackhawk helicopter. This system runs
on IBM compatible computers in LISP (ar: artificial inzelligent programming language) and

is designed to reduce the time required to troubleshoot the system under test.

74. MAINTENANCE DATA BUS MONITOR AND RECORDER (MIL-STD-1553b)

FUNCTION

SPONSOR

'DEVELOPER
- DESCRIPTION

FUNCTION

DEVELOPER
LIFE

- DESCRIPTION

Technology of data transmission which enables continuous data flow from a monitor system
to the receiving recorder system.

National Acronautics and Space Administration, Washington

" Normalair-Garrert Ltd., Yeovil, Engiand

‘The use of data buses for communication creates the need for the monitoring and collection

of data for a variety of purposes induding trend data for analysis of databus or subsystem

performance, as'well as diagnostic data relating to continuous ot intermittent failures. The
technology also created thc need for data monitoring and recording systems with rcdundant
data buses.

- 75. MCS—MODIFICATION CONTROL SYSTEM

Used for aircraft modification and developmcm. status update and’ n:pomng, wo-idozd
planning and schedulmg.

"USAir, Pmsbutgh. PA.

1986

This system part of the lazger Merlin Systcm dcw-lopcd by USAir to improve cﬁ' iciency and
communications bawccn ali phases of maintenance. -
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76. MDC—USAF MDC-—US AIR FORCE MAINTENANCE DATA COLLECTION SYSTEM

FUNCTION Provision of a limited number of measures to access fleet condition and identify likely
candidates for reliability and maintainability improvement.

SPONSOR US Air Foree

DEVELOPER RAND Corporation, Santa Monica, California

DESCRIPTION The Air Force has determined that the maintainability of produas and systems is as

important as other utility and cost facters; hence, the development of a sct of paramcters,
organized into the MDC system, to enable the user to determine which areas of the purview
are likely candidates for improvement in reliability and maintainability. Since the program
looks at subsystems, a better-than-average understanding of maintenance data colleaiion and
base-level maintenance systems is required to manage this complex system. The system
provides the user with condensed organized data so that decisions and actions may be further

determined.

77. MDIS—MAINTENANCE AND DIAGNOSTIC INFORMATION SYSTEM

FUNCTION Generic model-based expert system for use in maintenance.

SPONSOR + US Air Foree

DEVELOPER Bocing Acrospace Co., Bocing Military Aircraft Div.

LIFE 1986 , :

GESCRIPTION Soﬁwarcsystcm with capability of building a description of any type of equipment, currently

: used in the Portable Computer-Based Maintenance Aid Systcm (PCMAS) being built by

Bocing for the US Army.

78. MERLIN SOFTWARE

FUNCTION Software package marketed by USAir to improve the efficient performance and communi-

cation among operating departments of aviation mairtenance organizations. These depart-
ments indude maintenance, overhaul, scheduling, shops, and inventory.

DEVELOPER " USAir, Pinsburgh, PA.
LIFE . Since 1986.
DESCRIPTION The Merlin software package developed by USAir is compased of five management

information systems which integrate various aspects of aviation maintenance. These include
MACH (Maintenance Activity Communications History), CSS (Component Control
" System), MCS (Madification Control System), MSCS (Matcrial Services Control System).

Several carriers have acquired this software. Among themi are Federal Express, Acromexico, |

‘Kuwait Airways, Cameroon Aidlines, BWIA International Aidine, Ansctt Airlines, Turkish
Airlines, UTA and Flying Tigers.

79. MICROFICHE MAINTENANCE MANUAL STCRAGE AND RETRIEVAL:

FUNCTION To store maintenance manuals in mlcmf che form for delivery to mamtcnance areas and
: airline shops throughout the US. -

SPONSOR Delta Airlines

DEVELOPER Minolta Corp.

LIFE , 1985 : .

DESCRIPTION . Job pcrform;ncc aid which supplics bulky compendia such asairplane maintenance manuals

in mictofiche form. Readers used by Delta are the RP407 and RP407E reader-printers
located in maintenance arcas or airline shops and repair stations, allow standard, comple:=,
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80. MIMS—MAINTENANCE INFORMATION MANAGEMENT SYSTEMS

FUNCTION

SPONSOR
DEVELOPER
LIFE
DESCRIPTION

To bridge the information assimilation gap betwccn data acquisition and maintenance
operations. :
US Air Force

Systems Control Technology, Inc.l, PaloAlto, California
1981

The Turbine Engine Fault Detection'and Isolation Program Model Development resul-ed
in the Maintenance Information Management System in 1981. Although the zcquisition of
engine monitoring systems has been cffective in prototype and operational modes, it was
determined thar the acquisition of data, although reliable, was not formulated in a manner
in which it could be utilized by the maintenance management. There were no procedures

‘for integrating the data into the maintenance process. This systems artemprs to resolve the

complexity of integrating data received. The system establishes standards for managing
information flow effectively in the standard Air Force maintenance units.

81. MSCS—MA"‘ERIAL SERVICES CONTROL SYSTEM

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

Computer software system to facilitate communication between material control, purchas-
ing, planning, receiving and issuing functions in an aviation maintenance organization.
USAir, Piasburgh, PA '
Since 1986.

This software system is a component of the Merlin package, which indude MACH, CCS,
and MCS. This phase of the system is used in material control, planning, purchasing,

receiving and issuing functions in aviation organizations.

82. MAINTENANCE TRAINING SIMULATOR—US ARMY

FUNCTION
SPONSOR
DEVELOPER
\LIFE '

" |DESCRIPTION

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Efficient, complete training for specified aircraft or maintenance systems.
US Army

BBN Laboratories

1988

Maintenarice training simulators are designed to reduce training costs, reliance

upon certain types of equipment availability, and condense training time with ircreased |
training effectivencss. As an example, the simulator develeped for the F-16 fighter aircraft -

environmental system has reduced cleven days overall training with one day hands-on, to
seven days hands-on. ‘This simulator, developed by BBN Laboraterics for the US Army is
fortthnkoxsky Black Hawk airdefensesystem radar. Using antificial intelligence, thetrainer
embodies the knowledge o/ an expert. Tt can be used to train or function as a diagnostic tool.

83. MULTIPLE FAULT DIAGNOSTIC GAS PATH ANALYS!S SYSTEM

Demonstration of Hamilton Standard’s Gas Path Analysic Tochnlquc
Naval Air Propulsion Test Center. Trenton, Nj

United Technologlcs. Wm {sor Locks, CT

1975

System demonstrates the results of Hamilton standard s gas path diagnastic system for a
complex twin-spool mixed flow, variable geometry turbofan engine. Possible diagnostic
routines are specified with sensor and control uncerraincics.
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84. NASA/US AIR FORCE SELF-REPAIRING FLIGHT CONTROL PROGRAM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Aircraft self-diagnostics system.
INASA/US Air Force

General Flectric

1989

The Self-Repairing Flight Control Program was developed toassist fault failuredetection and
maintenance. The program detects and identifies failures as they occur in-flight, thus
diminating thedifficulty of replicating failures inground tests after theaircraft lands. General
Electric has developed an aircraft maintenance self-diagnostic system that will perform these
in-flight tests on an F15 rcsamh aircraft.

85. ORION 4400 AUTO TEST SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

To maintain inertial navigation and aircraft management system.

Japan Air Lines

GEC Avionics

198 : :

The Orion 4400 is a system used to help maintain inertial navigation systems and aircraft

management systems. The equipment is of modulardesign and has sclf-diagnosing and self-

repair capabilities. These systems are used in production control and maintenance
. applicarions.

86. PCMAS —PORTABLE COMPUTER BASED MAINTENANCE AID SYSTEM

FUNCTION
SPONSOR
DEVELOPER

' LIFE h
DESCRIPTION

Portable maintenance expert system
US Air Force

Boeing Military Aircraft Company
1986

Portable Computer-Based Maintenance Aid System, PCMAS, is maintenance system which
utilizes expert systems called MDIS. ,

87. PLTS—PARTS LIFE TRACKING SYSTEM .

FUNCTION

~ 'SPONSOR
DEVELOPER
LIFE
DESCRIPTION

.System designed to manage on-condition maintenance.

US Air Force .
General Electric Corp., Aircraft Engine Business Group, Lynn, MA,
1979. : ‘

" The system is designed to support the philosophy of on-condition maintenance.

The system manages maintenance of USAF/A10aircraft. Included in the overall system are
Parts Tracking Systems, and anmeT'mc-Tcmpcmurc Recorder systems. The central data
base includes a parts master file encompassing all designated parts entered into the system
cither as spares or as a part of the enginc data. The PLTS requires data from the mechanic
responsible for changing parts (cngineserial number, part serial number, location of part aid

date, for oxample) and pcnodnc reading and recording of mformauon taken from the units
at other times.
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88. PRISM - PRODUCTIVITY IMPROVEMENTS IN SIMUIATICN MODELING PROJECT

- FUNCTION

SPONSOR
LIFE
DESCRIPTION

To provide a proof of concept for an integrated model development environment.
USAF Air Forcz Human Resources Laboratory .
1988 |

Event simulation models have been, and continue to be, major decision supporr aids in
logistics capability assessment. Results of a survey conducted by the Air Force Human
Resource Lab indicate a large amouni of user dissatisfaction with various aspects of many of
these decision support aids. The Prism project was created to address these problems by
providing a proof of concept via a software environment.

89. Q-GERT SIMULATION LANGUAGE

FUNCTION
SPONSOR
LIFE
DESCRIPTION

90. RADstation

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

Simulation language
USAF
1983

Q-GERT isa simulation lanéuagc thar was used to develop a mode! thar would determine
B-1B automatic test equipment station quantities required to support the B-1B avionics
components at base level. Two techniques were developed to determine test station

* quantities based on the model output. The first technique was to buy sufficient test stations

to achieve a four day maximum base repair cycle time for the avionics components. The
second technique was to conduct a cost-benefit analysis by comparing the costs of additional
test stations (bcncﬁts of a shorter repair cycle times)to the benefits of fewer test stations (the
costs of longer repair cyde times). The research effort provides a range of management
options for consideration by the B-1B System Program Office.

Speech recognition-based radiology reporting system.

 Lanier Voice Products

1990

The RADstation isa radiology reporting system that is based on an IBM-oompaublc PCand
Dragon Systems’ speech recognition technology. The software package is menudrivenand

" contains an on-line vocabulary of 30,000 words. This system enables the radiologist to read

the X-ray and call out a particular finding. Thiswill trigger the system to producea complete
and formatted report on that finding. The reportcan bewritteninto oneofthe threeavailable
levels of detail. This report can be sent to physicians quickly via computer network interface
or by fax using a fax/modem.

91. RF-ELATS —RADIO FREQUENCY EXPANDED LITTON AUTOMATED TEST SETS

~ FUNCTION

SPONSOR .
DEVELOPER
LIFE,
DESCRIPTION

Test various systcms/equiiamcn( of F/A-18 aircraft
Royal Australian Air Foree - ‘
Litton Systems Canada '

1987

Radio Frequency Expandod Litton Automated Test Sets (RE-ELATS) pcrforms compre-
hensive tests and fault diagnosis on radar, communications, microwave ard Electronic .
Warfare (EW) cqulpmcnt Thesystem unlm atouch-sensitive screen, a keyboar' a printer
and a plorter.
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92. RMMS - REMOTE'MAINTENANCE MONITORING SYSTEMS

FUNCTION
SPONSOR
LIFE

DESCRIPTION -

Monitor, control and verify remote equipment.

FAA
1989

The RMMS monitors, controls, and verifies the performance of National Airspace System
equipment and sites. The program to modernize this isdesigned to centralize and automate
thesystems’ activity. Presently, thesystem issetup up inamaster/slaverelationship. By 1995,
thesetup should be changed so that the controller transparenty accesses the remore facilities
through the mzin Advanced Automation System (the host system for air traffic).

93. SAIFE—STRUCTURAL AREA INSPECTION FREQUENCY EVALUATION

FUNCTION

DEVELOPER
LIFE ,
DESCRIPTION

To assist in the evaluation of proposed structural inspection programs for commercial jet
transport aircraft.

Technology, Incorporated, Dayton, Ohio

1978

SAIFEisacomputer program devcloped toassist management n theevaluation of alternative
structural i inspection and modification programs. Its logic simulates various structural
defects, failures 2nd inspections and their ramifications in five arcas of control: (1) aircraft
design analysis; (2) fatigue testing; (3) production, service, and corrosion defects; (4)
probability.of crack or corrosion detection; (5) aircraft modification economics. The goal of
this program is to quantify the evaluation process currently uscd to-establish and modify
inspection intervals for commercial jet transport.

94. SAMT - SIMULATED A/C MAINTENANCE TRAINING

FUNCTION
SPONSOR -
DEVELOPER
LIFE
DESCRIFTION

To increase effectiveness of maintenance procedure instruction.
USAF

Honeywell Training 2;:4 Controls Systems Opcmnons

1982

The F-16 engin:. diagnostic SAMT is comprised of simulated aircraft cockpit and test
equipment critrol panels, an instructor station, and a computer simulation of the Pratt &
Whitne: 7' . 00 engine. Computersimulation secks to provide realistic engine performance
for maintenance training. Use of this vehicle allows students to practice engine trimming
procedures, and diagnosts of a variety of engine component failures.

95. SELF-REPAIRING FLIGHT CONTROL SYSTEMS

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

, leght control system -

USAF - Acronautical Systems Division
Honywell & McDonnel Douglas
1985

This is a reconfigurable or ‘self-repairing’ flight control system that continually evaluates the
aerodynamic conditions of aircraft, and reconfigures itself in the evenc that certain control
surfaces areunavailable due to damage or malfunction. A reconfiguration module contained
in the system is capable of choosing the correct combinarion of control surface deflections
to execute certain maneuvers. The system will also provide instructions to the pilot ro

compensate for the alteration in coritrol surface. This reconfiguration computer technology

might be :xdnptcd to future civilian aircraft.
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96. SEMSA WEAPON SYSTEM ANI> MAINTENANCE SIMULATOR

FUNCTION

DEVELOPER

LIFE
DESCRIPTION

Weapon sysiem and maintenance simulator

Sogitec
1988

The SEMSA weapon system and maintenance simulaor is designed to train technicians in
Mirage 2000 maintenance methods. The simulator is used to familiarize technicians with
weapon system operation, fault-finding and diagnosis of malfunctions. SEMSA contains
four elements: a cockpit cabinet with a cisplay of the pilot’s station; and aircraft cabinet with
another display of the stores syster and tect equipment; an instructor’s station; and 2 data
processing suite.

97. SERVICE BAY DIAGNOSTIC SYSTEM I

FUNCTION

- SPONSOR

DEVELOPER
DESCRIPTION

Computer to guide automobile maintenance technicians through repair of Ford’s electronic
engine control unit (EEC-IV) and the many components with which that unit interacts.

Ford Motor Company, Ford Parts and Service Division
- Hewlert-Packard Co. .

‘This diagnostic system incorporates a touch screen computer and printer, and a portable ‘

engine analyzer that may be operated during a road test. Functionally, it taps into the EEC-
IV system through thedatalink,and talks to other modulesin the system. Itcanactivateother
sensors and actuators. It can also communicate with Ford’s OASIS (On-Line Automotive
Service Information System) to receivetechnical information, updates and manual informa-

- tionandservicebulletins. The computerwill also display diagrams and drawmgs ofpartsand

sensors, which may be otherwise difficult to iocate or discern.

98. SERVICE BAY DIAGNOSTIC SYSTEM (SBDS) 11

FUNCTION
DEVELOPER
LIFE
DESCRIPTION

Auto diagnostics expert system usmg hypertext apabzhty
Ford Motor Company

Operation by December 1989 in 2000 dealerships

Hypertext is a method of organizing related information via computer systems. Hypertext-
based automobilediagnosticsand repairworkstation helps mechanics repair cars. The Service
Bay Diagnostic System has an expert system in the diagnostic mode to analyze the meter
mdouts, symptoms data entered into the computer by the technician.

99. SPS—SHOP PLANNING SYSTEM

FUNCI'ION

DEVELOPER
LFE -
DESCRIPTION

To reduce the amount of duplicated effort and improve accountzbdwy and oontrol of shops

parts tracking and shop planning sysrems
USAir
Since 1986.

This is a software tool, part of the larger Merlin package, to improve aviation maintenance
management and staff function efficiency. This portion-of the Merlin package governs shop
planning, scheduling, and parts inventory control. A combined system such as this reduces
papcmork without rcducmg cfﬁacncy
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100. STAR-PLAN

FUNCTION To help satellite control operators identify and resolve system faults in orbiting spacecraft.
DEVELOPER Ford Aerospace & Communications Corporation, Sunnyvale

LIFE 1986 ‘

L ESCRIPTION Inereasing \oomplcxity of spacecraft systems and the unavailability of technical advisors in

srime remote ground stations and mobile control facilities, has emphasized the need for
automation of these satellites diagnostic and advisory functions. Satellite expert control
systems must accommodarte multiple disciplines and complex relationships between sub-
systems. The prototype system will be a ground based decision aid to replaceor augment the
work of the technical analyst who monitors incoming telemetry data stream from a satellite
and compares thar data with expected conditions (heuristic reasoning). Models for
incorporating procedures for automating the knowledge acquisition process are also

indluded.

101. STEMS —STRUCTURAL TRACKING AND ENGINE MONITORINC SYSTEM

FUNCTION
SPONSOR
DEVELOPER
LIFE
DESCRIPTION

Monitoring system for aircraft structures.
USAF

~ Northrop .

1983 :

STEMS is a system that determines inspection and repair schedules forindividual aircraft,
determines aircraft surface life expectancy, provides data for future specifications, and
establishes operational limitations. It consists of an on-board precessor, diagnostic display
unit and a data collection unit.

102 THREED]MH\ISIONAL TRAINING SIMULATOR

FUNCTION
SPOMSOR
DEVELOPER
LIFE.
DESCRIPTION

Training Simulator

Commercial. Used by NASA and General Motors and others.

Autodesk, Salsaulito, California VPL Research, Redwood City, California
1989 '

" The simulation is accomplished through tiny computer monitor gogglm which users wear

over each eye. The goggles deliver coordinated messages to the user’s brain. The computer
linked to the user through a sensor glove. Use of the glove creates and guides perceived
movement, thus creating an artificial mhty This is called Cyberspace. It puts the user in a
simulated, realistic 3-D world.

 This is being used and developed for use in training hdwopeter pilots and othcr types of

applications by GE, NASA and the Army

103. TEDS—TURBO ENGINE DIAGNOSTIC SYSTEMS -

'FUNCTION

SPONSOR

. DESCRIPTION

To electronically monitor various engine conditions and functions.
US Air Force, and others.

A generic term for systems using clectronic means to determine engine conditions and

_satisfactory functions. . The first system was called, Events History Recorder, developed for

theAir Force F100engine. Orhersystems usmgsameanddcvclopmgtedmologymdudcnhar
for the T-38 trainer J85 engine, the A-10 ground support aircraft’s TF34 wrbofan engine,
and those installed in the KC-135, B1-B, and F-16 aircraft. Representative systems are
known as Integrated Turbine Engine Monitoring Sysrcm and Jomz Advanced Fighter

" Engine diagnostic system
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104. TEMS—TURBINE ENGINE MONITORING SYSTEMS

FUNCTION
'SPONSOR .
DESCRIPTION

Generic term for a variety of engiﬁc monitoring systems.
USAF

TEMS is representative of one of the earliest applications of technology to the maintenance
process. Thissystem focuseson enginemonitor parameters seeking to predict when and what
maintenance is required on the engine to achieve on-condition maintenance. TEMS isa
generic name for a variety of early systems which use different means of collecting data. Some
data is collected manually, others autematically. Recent systems collect data and in real-time
transmit it to the ground station. All systems collect this data to spot anomalies, leading to
increased aircraft availability, reduced overall engine maintenance costs.

'105. TEXMAS —TURBINE ENGINE EXPERT MAINTENANCE ADVISOR SYSTEM

FUNCTION

DEVELOPER
LIFE
DESCRIPTION

Used in conjunction with a system such as TEMS, TEXMAS uses human-like reasoning to
achieve reduced maintenance costs and increase aircraft availability.

Textron, Inc., Aveo Lycoming Textron, Stratford, CT
1988.

" TEXMAS rakes raw data and carries out functiuns such as engine performance measure-

ment, eveat monstoring, and life monitoring, and fault isolation and diagnosis. It can also
beused towalk an inexperienced mechanic through thediagnosis process. TEAMAS isbased
on expert system technology, implemented on a laptop computer.

Developed for the T53 engine. This is an engine with few sensed parameters (two roior
speeds, torque, exhaust gas temperature, oil pr&urc and oil temperature. With no other -
measurements available, the diagnosis process requires the knowledge of an expert.

106. TROUBLESHOOTER

FUNCTION

DEVELOPER
LIFE

DESCRIPTION

Training tool to aid aviation mechamc in learning troubleshooting and dugnomc skills
utilizing simulation oricnted computer-based instruction methods.

Hlight Safety International
First introduced in 1986, successive developments in 1988 with anticipated addmon:l

* developments.

Fllght Safety International has developed a series of simulation oriented computei-basod
inst:uction aids for virrually all major subsystcms of Cessna Citation 500, Dassault Falcon
50 and the Sikorsky S-76. First introduced in 1986, the diagnostic coursas are being
expanded toawide range of business aircraft. Thissystem usesactual pilotwrite-upsofiervice
difficulty reports, manufacturers service write-ups, with oockplt indicators programmed into

* the software. Students review subsystems individually or in teams in order to develop and.

critique solutions. Review of the steps taken to diagnose the problem and the components
replaced determine the effectiveness of the recommended prooedurcs Useofthesystem does

not require previous computer ecpeucncc.
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107. VSLED— VIBRATION, STRUCTURAL LIFE AND ENGINE DIAGNOSTIC

FUNCTION

DEVELOPER
LIFE

DESCRIPTION

Monitoring sys.em for V-22 tiltrotor aircraft, this system is representative of ihe latest
generation of performance aids, distinct by its integration into the aircraftitself. It extends

'the monitoring process to the aircraft structure.

Bell Aerospace
1989

Vibration, Structural Life and Engmc Diagnostics (VSLED) is a monitoring system
developed for the V-22 tiltrotor aricraft. This system seeks reduce maintenancs costs by 50%
By monitoring the structure of the aircraft and analyzing trends and parameters as do e:.gine
monitoring systems, VSLED ir.tegrates several systems, and uscs automatic detection of
exceeded limits. This data is analyzed and fault isolation analysis is performed. It monitors
the aircraft’s vibration, temperatures, structural life, and engine events, and can generate
reports that specify needed maintenance actions.

108. XMAN—EXPERT MAINTENANCE TOOL

FUNCTION

SPONSOR
DEVELOPER
DESCRIPTION

An expert maintenance system designed to be a user interface 1o the maintenance data base
created by systems such as TEMS.

US Air Force
System Control Technology Corporation

XMAN was developed for use on the USAF A-10A. It uses expert systems technology and
builds upon other related technologies (such as TEMS) to aytomate diagnostic and
troubleshooting procedures. Since this tool can communicate to the user the sequence of

‘conclusions in the diagnostic procedure, it may be used for training.
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